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INTORMA-TION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


ACCIDENT  EXPERIENCE  OF  THE  COAL  MDJES  OF 
UTAH  FOR  THE  PERIOD  1918  TO  1929^ 

By  A.  L.  Murray^  and  D.  Harrington3 


From  1870  to  the  end  of  1929  the  coal  production  of  Utah  has  been  some¬ 
what  less  than  110,000,000  tons.  During  this  period  at  least  three  major 
disasters  have  occurred  with  fatalities  totaling  about  ^SO,  establishing  a 
decidedly  bad  record  of  approximately  ^,5  persons  killed  by  major  mine  explo¬ 
sions  per  million  tons  of  coal  produced.  Even  during  the  period  when  there 
have  been  no  disasters,  such  as  the  years  1914  to  1920,  inclusive,  the 
fatalities  in  ordinary  working  were  about  5.4  per  million  tons  produced, 
against  ^,7  per  million  tons  for  the  whole  United  States  for  the  same  years. 
The  5-year  period  following  the  World  War,  1918  to  1922,  inclusive,  had  4.7 
fatalities  per  million  tons;  hence,  the  fatality  record  in  the  coal  mines  of 
Utah  has  \miformly  been  in  excess  of  the  average  of  the  coal  mines  of  the 
entire  country. 

Notwithstanding  this  poor  record,  Utah  has  given  to  the  coal-mining 
world  many  excellent  safety  methods  and  practices,  and  Utah  coal  mines  in 
general  take  greater  measures  toward  safe  mining  than  do  the  coal  mines  of 
any  other  State;  if  practices  and  methods  allowed  and  pursued  in  coal  mines 
of  other  States  were  tried  in  Utah  coal  mines,  there  would  be  a  succession 
of  disasters. 


OPERATING  CONDITIONS 

Utah’s  principal  producing  coal  mines,  operated  by  about  23  companies 
and  numbering  42  in  1929,  have  compara.tively  thick  beds.  Little  coal  under 
5  feet  thick  is  being  worked  and  practically  none  under  4  feet;  much,  if  not 
most,  of  the  coal  comes  from  beds  in  excess  of  8  feet,  some  running  as  high 
as  30  feet.  In  thick  beds  in  which  coal  is  left  on  floor  and  roof,  any  dust 
found  or  made  is  entirely  combustible.  In  addition,  the  thick  beds  induce 
the  use  of  large-capacity  cars,  the  handling  of  which  in  rooms  and  other 
workings  on  fairly  heavy  grades  (up  to  10  or  12  per  cent)  tends  to  cause 
haulage  accidents.  The  thick  beds  give  high  ribs  and  roof,  in  which  it  is 
difficult  to  prevent  slabs  of  coal  or  rock  from  dropping  on  workers  and  also 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  653O," 

2  Acting  assistant  surgeon,  U.  S.  Bureau  of  Mines  Safety  Station,  Salt  Lalce 

City,  Utali, 

3  Chief  engineer,  safety  division,  Washington,  D.  C. 
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difficult  to  keep  free  of  gas  and  coal-dust.  Tl:ie  coal  has  high  volatile  con¬ 
tent,  generally  over  40  per  cent  and  in  some  instances  nearly  to  50  per  cent; 
hence  it  is  highly  inflamiiiahle.  Most  of  the  coals  have  large  resin  content, 
which  is  usua-lly  in  dust  form  and  hence  is  almost  as  inflamnmhle  as  black 
blasting  powder.  At  least  one- third  of  the  mines  give  off  methane  and  several 
give  off  other  inflammable  gas  with  a  gasoline  or  kerosene  odor.  Several 
mines  have  oil  seepag;es  in  the  roof  or  floor;  in  some  instances,  there  is 
enough  oil  to  necessitate  frequent  baling  into  barrels  and  removal  from  the 
mine.  Some  mines  have  a  difficult  safety,  as  well  as  efficiency,  problem  in 
the  mining  of  two  or  more  beds  with  only  a  few  feet  of  rock  between  them,  the 
rock  thickness  varying  from  place  to  place.  Most  of  the  mines  are  working 
under  heavy  cover,  which  approximates  3*000  feet  in  some  instances  and 
presents  decidedly  difficult  problems  in  controlling  roof.  Probably  the 
worst  handicap,  however,  is  the  dry  climate;  this  enforces  the  use  of  surface 
air,  which  in  all  seasons  of  the  year  abstracts  moisture  from  the  mine  work¬ 
ings.  This  makes  the  coal-dust  the  more  inflammable  and  robs  Utah  coal  mines 
of  the  definite  advantage  obtained  in  other  localities  where  "sweating"  takes 
place  during  several  months  of  the  year  and  tends  to  make  the  mine  dust  non- 
inflammable. 


A  study  has  been  made  of  various  conditions  and  results  in  connection 
with  safety  in  Utah’s  coal  mines  for  the  years  1918  to  1929,  inclusive. 

Table  1,  following,  compiled  from  United  States  Bureati  of  Mines  publications, 
gives  interesting  data  on  production  and  fatalities: 

Table  1.-  Coal  production,  men  employed,  and  men 
killed  in  Utah  mines.  1913-1929 
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COAL  PRODUCTIOIT  AM  FATALITIES 

The  numher  of  mines  producing  coal  in  Utali  has  varied  only  sligjitly 
from  32  in  1918  to  42  in  1929.  lHany  of  these  are  small  vragon  mines  serving 
communities  vrhich  are  considerable  distances  from  railroads.  Most  of  the 
coal  produced  in  Utah  comes  from  mines  ouerated  by  a  fev7  relatively  large 
companies.  Prodticers  mining  in  excess  of  10,000  tons  per  year  have  steadily 
grovm  from  13  in  1918  to  22  in  1929,  Of  these,  8  Produced  in  excess  of 
100,000  tons  in  1918,  whereas  in  1929,  14  produced  in  excess  of  100,000 
tons. 


Tile  number  of  men  employed  in  the  mining  of  coal  in  Utah  has  varied 
somewhat  with  the  production. 

The  fatal  accidents  occurring  in  the  coal  mines  of  Utah  during  the  period 
1918  to  1929  have  totaled  464;  the  yearly  average  for  the  12  years  is  38.66 
fatalities;  if  the  major  disasters  of  1924  at  Castlegate  with  171  deaths  and 
at  Rains  with  5  are  excluded,  the  yearly  average  is  24  fatalities. 

Tne  production  of  coal  per  man  employed  in  Utah  is  comparatively  hi^, 
and  for  the  years  studied,  has  been  equalled  by  other  States  only  on  four 
occasions.  During  1918,  Wyoming  exceeded  the  production  record  per  emuloyee 
of  Utali  by  14  tons.  In  1925,  both  i'^^ontana  and  West  Virginia  recorded  an 
employee-production  figure  greater  than  Utah,  respectively,  bjr  80  tons  and 
55  tons.  Again  in  1928,  Montana  exceeded  Utah  by  72  tons.  Table  2  lists 
the  fatal  accidents  durirffe  the  period  1918-1929  by  causes. 

During  the  12-year  ueriod  the  greatest  number  of  deaths,  182,  or  39.2 
per  cent,  were  due  to  the  explosion  of  gas  or  coal-dust.  As  the  Castlegate 
disaster  in  1924  accounted  for  171  fatalities,  the  excessive  number  of  deaths 
due  to  this  cause  can  not  be  tai^ien  as  an  index  of  normal  fatalities  from  gas 
and  coal-dust  explosions  in  Utali,  though  natural  conditions  in  Utah's  coal 
mines  are  so  extremely  dangerous  that  widespread  disasters  similar  to  that 
at  Castlegate  in  1924  are  likely  to  occur  at  any  time  uoon  relaxation  of 
safety  precautions. 

Falls  of  coal  or  rocL  was  the  cause  of  the  next  largest  number  of 
fatalities,  163,  or  35.1  per  cent.  Death  from  falls  of  coal  or  rock,  althou^ 
varjung  in  numbers  year  by  year,  was  the  principal  cause  of  fatalities  in 
each  of  the  12  years,  except  in  1924,  the  year  of  the  Castlegate  and  Rains 
disasters.  Had  proper  supervision  been  exercised,  adequate  timber  provided 
and  required  to  be  set  in  place,  and  chance- taking  penalized,  many  of  these 
deaths  might  have  been  avoided. 

Deaths  from  mine  cars  and  locomotives  for  the  period  were  61,  or  13.1 
per  cent  of  the  total;  the  regularity  of  their  occurrence  year  after  year 
indicates  a  failure  to  anply  any  effective  effort  to  correct  the  conditions 
causing  them.  However,  haulage  conditions  are  such  that  unless  definite  pre¬ 
cautionary  measures  are  at  all  times  kept  in  effect  against  haulage  accidents, 
there  are  likely  to  be  numerous  mishaps  and  they  are  likely  to  be  severe. 
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COMPARISON  OP  UTAH'S  PATALITY  RATES  WITH  THOSE 
OP  THE  BITW/iIlJOUS  MINES  OP  THE  UNITED  STATES 

The  fatality  rate  for  the  coal  mines  of  Utah  as  comipared  with  all  the 
■bitimninous  mines  of  the  United  States,  hoth  on  the  "basis  of  number  of  employees 
working  and  the  tonnage  produced,  can  hardly  be  considered  favorable,  as  may 
be  seen  from  Table  3. 

Table  3.  -  Patal  accidents  in  the  coal  mines  of  Utah  compared  with  all 
bituminous  mines  in  the  United  States.  1918  -  1929 


Fatality  rate  per  thou- 

ibitality  rate  per 

Coal  produced 

Year 

sand  300-day  workers 

million  tons  mined 

per  fatality,  tons 

Utah 

United  States 

Utah 

United  States 

Utah 

United  States 

1918 

5.28 

3.97 

3.70 

3,50 

270,360 

285,  552 

1919 

8.77 

4.16 

5.83 

3.62 

171,530 

275,983 

1920 

9.26 

3.79 

5.83 

3.13 

171,577 

319,296 

1921 

6.72 

4.38 

3.68 

3.48 

271,919 

287,239 

1922 

6.86 

5.16 

4.41 

3.99 

226,909 

250,753 

1923 

9.88 

4.65 

4.87 

3.46 

205,227 

289,076 

1924 

75.81 

5,39 

44.34 

3.94 

22,554 

253,770 

1925  1 

9.05 

4.79 

5.12 

3.53 

195,431 

283,562 

1926  ! 

9.12 

4.86 

4.57 

3,60 

218,690 

277,660 

1927  1 

11.16 

4.60. 

5.44 

3.36 

183,903 

297,224 

1928  ; 

8.44 

4.90 

3.72 

3.45 

254,870 

289,447 

1929  [ 

14.01 

4.63 

6.59 

3.19 

149,191 

312,964 

Average  | 

i 

14.18 

4.56 

7.98 

3.51 

124, 736 

285,001 

COMPARISON  OP  PATALITY  RATES  POR  INDIVIDUAL  STATES  WITH  RATES 

POR  THE  UNITED  STATES 

The  fatality  rates  for  the  coal  mines  of  the  Uiiited  States  and  also  com¬ 
parative  figures  for  each  State  are  shown  in  Tables  4,  5,  and  6  covering  5- 
year  periods,  1919  to  1923,  1920  to  1924,  and  1925  to  1929,  The  figures  are 
shown  separately  for  each  of  the  main  causes  of  fatal  accidents — namel;'’,  falls 
of  roof  and  coal,  liaulage,  gas  and  dust  explosions,  and  miscellaneous.  The 
fatality  rates  from  each  of  these  causes  as  shown  for  the  United  States  repre¬ 
sents  the  number  of  deaths  from  that  cause  for  each  million  man-hours  of  ex¬ 
posure  of  all  underground  employees.  The  figures  for  the  several  States  indi¬ 
cate  the  percentage  which  the  State  rates  bear  to  the  corresponding  rate  for 
the  United  States.  Tlie  States  are  listed  in  the  order  of  their  standing  as 
comiDared  with  the  fatality  rates  for  the  United  States,  and  have  been  repre- 
duced  from  United  States  Bureau  of  Mines  Bulletin  283,  •Coal-mine  accidents 
in  the  United  States,  1926";  and  Bulletin  341,  "Coal-mine  Accidents  in  the 
United  States,  1929"  by  W.  W.  Adams,  published  in  1927  and  1931,  respectively. 
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Tablb  6. — Index  number$,  comparing  coal-mine  fgMlily  ralee  per  miUion  tnan-houre,  underground,  for  different  States,  with  the  average  rale 

for  the  United  Slates,  1925  to  1929 


Ftlb  oritMf  Md  eosl 


BtMte 


Index 

No. 


Hanloce  (undertround) 


State 


Index 

N«. 


()6urgu  and  North  Caro* 

53 

l>xrti7 . 

54 

M 

90 

illinolf . 

71 

yi 

.tl'.iska,  California,  Idaho. 
Nevada,  .tritons,  and 

T3 

Kanstt . . . 

74 

Aliihama . 

10 

SB 

I'enotylvaoia  (hituml* 
QOUt) . . . 

ss 

85 

Iowa . 

n 

M 

Uklahoms . 

02 

United  8Utes(l;n3). 

100 

JCtDtucIty . 

101 

103 

Montana . 

107 

Ohio . 

110 

West  Vlriiola . 

ISl 

13S 

Colorado.... . 

155 

WaatalBftoD . 

157 

Now  Moxloo . 

191 

Wyoiatttc . . . 

174 

t’Ub.. . 

Ml 

Alastti,  Callfomia,  Idahs. 
Nevada,  ArUona,  and 
Oregon . . . . 

Souttf  Dakota . . 

23 

Kansas . 

30 

MljaoBrl.... . . . 

44 

iowa . . . . . 

57 

PannayIvaDia(8Dtlirac)t6). 

nr*nti4aMA 

68 

68 

Pennajllvania  (bttuml- 

78 

78 

88 

Ohio.  4 . 

89 

Indians . 

91 

United  States  (0/370).. 

100 

Maryland . 

104 

Kentueky . 

106 

Arkanaas. . 

106 

Michigan . 

106 

Vlrrinla . 

107 

Alabina . 

100 

North  Dakota . 

122 

Montana . 

130 

Colorado . a . 

134 

Washington . 

151 

150 

West  Vh^ls . 

165 

Utah....! . 

170 

197 

Oeorgla  and  North  Caro¬ 
lina . 

980 

Qas  or  dust  enilosions 


State 

Index 

No. 

Jtfiasouri . . . 

Texas . . 

Michigan.. . 

North  Dakota . 

Alaska,  California,  Idaho, 
Nevada,  .triiona,  and 
Oregon . . . 

Bouth'  Dakota . . . 

Ohio . 

6 

12 

14 

23 

33 

39 

82 

82 

84 

70 

96 

W 

100 

103 

168 

208 

303 

443 

1,864 

10,978 

Virginia . 

UtM . 

Ulfnois . 

PenDsylvanIa(anthraclte) 
Kentucky . 

Kansas.................. 

Colorado . 

West  Virginia . . 

Washington . 

United  SUtes  (0.312) 

Pennsylvania  (bitumi- 

Tennessee . 

Indiana . . . 

Arkansas . . . 

Oklahoma. . . . . 

Oeorgla  and  North  Caro* 
Itna . 

Miscellaneous  (underground) 


State 

Index 

No. 

SoQth  Dakota . . 

84 

Pennsylvania  (bitumi¬ 
nous)  . 

38 

68 

Wyoming...... . . 

70 

Ulinois . . 

74 

Kentucky . 

75 

75 

Tennessee.... . J... 

77 

Texas . . . . 

84 

95 

Utah  - . 

to 

Michigan . . 

98 

United  Statee  (0 JI2) . 

100 

West  Virginia . 

101 

Alabama . . . 

120 

Ohio . . . 

19 

Indiana . 

129 

YttnaAs  . 

129 

186 

Pennsylvania  (anthracite). 
North  Dakota . 

144 

148 

Missouri...... . 

150 

158 

Arkansas..... . 

240 

Oklahoma . . . 

246 

Alaska,  California,  Idaho, 
Nevado,  ArUona,  and 
Oregon,, _ _ _ _ 

263 

$88 

Oeorgla'and  North  Caro¬ 
lina . 

390 

Total  underground  (including 
shaft) 


State 

Index 

No. 

South  Dakota . 

Texas . 

45 

Maryland..^ . . 

57 

Michigan . . . . 

61 

68 

nUnois..... . 

73 

73 

Alaska,  CallfornU,  Idaho, 
Nevada,  ArUona,  and 
Oregon-... . . 

77 

80 

Pennsylvanie  (bitumi- 

81 

Peimsylvani8(anthrae1te). 
Keoto^y . 

91 

92 

Tennessee . 

96 

Ohio . 

99 

United  States  (2.133).. 

100 

Virginia . . . 

101 

AuWijmi . 

103 

Montana . 

103 

Indiana . . . . 

123 

Iowa . . . 

123 

West  VUglnla . 

128 

New  MexSoo.... . 

131 

Colorado . 

136 

186 

Wtahingtoc . 

174 

174 

Utah . 

227 

Oklahoma.... . 

372 

Oeorgla  and  North  Caro¬ 
lina . - . 

1.879 
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The  index  tabulation  (Table  4)  covering  the  5-year  period  1919  to  1923, 
inclusive*  hence  before  the  Castlegate  and  Rains  disasters,  shows  that  Utah 
had  2*2  as  many  fatalities  on  an  exposure  basis  from  falls  of  roof  and  coal 
as  the  average  for  the  coal  mines  of  the  United  States,  and  had  by  far  the 
worst  record  of  the  coal-mining  States  In  fatality  rate  from  falls  of  roof 
and  coal,  Utah  had  also  much  the  poorest  record  of  the  coal-raining  States 
in  fatality  rate  from  haulage  its  rate  being  2.81  times  that  of  the  industry 
throu^out  the  United  States.  For  the  5-year  period  1919-1923,  Utah's 
fatality  rate  from  mine  explosions  was  good,  being  less  than  half  of  the 
mine-explosion  fatality  rate  for  the  whole  country.  For  this  5-year  period 
before  the  Rains  and  Castlegate  disasters  occurred,  Utah's  coal  mines  had 
just  double  the  total  underground  fatality  rate  for  the  industry  throu^out 
the  country,  and  only  Wyoming  and  New  Mexico  had  poorer  rates. 

The  tabulation  (Table  5)  for  the  exposure  fatality  rates  of  the  various 
coal-producing  States  for  the  5-year  period  1920-1924  shows  Utah's  coal  mines 
in  a  decidedly  dark  li^t,  because  for  this  period  it  has  the  worst  rate  of 
all  the  States  from  falls  of  roof  and  coal,  from  haulage,  from  gas  or  dust 
explosions,  and  from  all  underground  fatalities;  this  dark  record  for  the 
period  1920-1924  is  due  in  part  to  the  Castlegate  and  Rains  disasters  in  1924; 
but  these  disasters  can  not  be  held  responsible  for  the  fact  that  from  1920 
to  1924,  inclusive,  the  exposure  fatality  rate  of  Utah's  coal  mines  was  2.19 
timeg  that  of  the  mines  of  the  whole  country  from  falls  of  roof  end  coal 
and  2.96  times  that  from  haulage. 

And  the  index  tabulation  (Table  6)  for  the  5-year  period  1925  to  1929, 
inclusive,  which  does  not  include  the  deaths  from  the  Castlegate  and  Rains 
disasters,  again  shows  Utah's  coal  mines  in  a  bad  li^t,  indicating  that  as 
yet  Safety  in  Utah's  coal  mines  has  not  been  brou^t  much  if  any  nearer  to 
the  average  of  the  safety  of  the  coal  mines  of  the  United  States, 

COLCPENSATION  AND  MEDICAL  COST  OF 
ACCIDENTS  IN  UTAH 

The  cost  of  accidents  in  the  mining  of  coal  in  Utah,  whether  considered 
on  the  basis  of  compensation  premiums  paid  or  of  the  compensation  and  medical 
costs  awarded,  has  been  no  small  item  in  contributing  to  the  expense  of  pro¬ 
duction,  As  costs  of  coal-mine  accidents  are  available  only  by  fiscal  years, 
the  following  tabulations  (Tables  7,  8,  9,  10,  11)  for  the  fiscal  years 
1918-1919  to  1928-1929,  taken  from  the  reports  of  the  Industrial  Commission 
of  Utah,  give  details  relative  to  the  several  types  of  accidents,  their 
rates  per  1,000  employees,  and  the  actual  costs  resulting  from  them. 
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Tatle  7.  -  Fatal  accidents  in  the  coal  m5-nes  of  Utah  for 
the  fiscal  years  1918-1919  to  1928-1929 


Fiscal  year 

Fatal  accidents 

i 

1  Rates  per  1,000 
i  eraployees 

Compensation  and 
medical  costs 

1918-1919  . 

24 

I  6.8 

$  51,304 

1919-1920  . 

30 

6.9 

58, 810 

1920-1921  . 

31 

6.3 

72,394 

1921-1922  . 

19 

3.9 

56,816 

1922-1923  . 

24 

4.7 

67,934 

1923-1924  . 

190 

35.4 

688,849 

1924-1925  . 

33 

7.0 

146, 659 

1925-1926  . 

19 

3.9 

71,823 

1926-1927  . 

28 

7.3 

101,096 

1927-1928  . 

17 

4.4 

57,788 

1928-1929  . 

25 

5.9 

99,894 

Total  . . 

440 

8.9 

$1,473,367 

Average  per  year.  | 

40 

8.9 

$  133,942 

Table  8.  -  Accidents  causing  permanent  total  disabilities  in  the 

coal  mines  of  Utah  for  the  fiscal  years 


1918 

-1919  to  1928-1929 

Fiscal  year 

Permanent  total 

Rate  per  1,000 

— 

Compensation  and 

disabilities 

emnloyees 

medical  costs 

1918-1919  . 

P  ■■■■-■■  — -  - 

- 

1919-1920  . 

— 

1920-1921  . 

2 

0.4 

$  24, 000 

1921-1922  . 

— 

- 

— 

1922-1923  . 

— 

- 

- 

1923-1924  . 

— 

- 

1924-1925  . 

- 

- 

— 

1925-1926  . 

- 

- 

— 

1926-1927  . 

- 

- 

— 

1927-1928  . 

3 

0.7 

$  45,000 

1928-1929  . 

- 

- 

Total  . 

5 

0.1 

$  69,000 

Average  per  year. 

0.4 

_ 

0.09 

$  6,273 

-  7  - 
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Table  9.  -  Accidents  causing  -pennanent  laartial  disabilities 
in  the  coal  mines  of  Utah  for  the  fiscal 

years  1918-1919  to  1928^~1929 


Fiscal  year 

Permanent  partial 
disabilities 

Rate  per  1,000 
employees 

Compensation  and 
medical  costs 

1918-1919  . 

19 

5.4 

$  21,661 

1919-1920  . 

16 

3.7 

16,616 

1920-1921  . 

29 

5.9 

46,572 

1921-1922  . 

23 

4.8 

17,845 

1922-1923  . 

26 

5.1 

21,512 

1923-1924  . 

19 

3.5 

15,182 

1924-1925  . 

35 

7.4 

40,044 

1925-1926  . 

25 

5.2 

20,098 

1926-1927  . 

62 

16.3 

85,240 

1927-1928  . 

50 

13.0 

53,859 

1928-1929  . 

89 

21.1 

123,859 

Total  . 

393 

7.9 

$  462,488 

Average  per  year. 

35.7 

7.9 

$  42,044 

Table  10.  -  Accidents  causinis:  temporary  in.iuries  in  the 
coal  mines  of  Utah  for  the  fiscal  years 

1918-1919  to  1928-1929 


Fiscal  year 

Temporary 

inj-uries 

Rate  per  1,000 
employees 

Compensation  and 
medical  costs 

1918-1919  . 

1,599 

458.6 

$  41,591 

1919-1920  . 

2,134 

493,9 

64,295 

1920-1921  . . 

2,075 

427.6 

66,209 

1921-1922  . 

1,770 

369.5 

78,122 

1922-1923  . 

1,611 

320.8 

60,722 

1923-1924  . 

1,714 

320.1 

60,938 

1924-1925  . 

1,722 

365.8 

66,165 

1925-1926  . 

1,698 

353.8 

63,170 

1926-1927  . 

1,637 

431.6 

46,309 

1927-1928  . 

1,645 

429.7 

45,250 

1928-1929  . 

1,887 

448.5 

52,264 

Total  . 

19,492 

396.5 

$  645,035 

Average  per  year 

1,772 

396.5 

$  58,640 

-  8  - 
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Ta’ole  lit  -  Total  corn-pens ilile  in,1uries  in  the  coal  mines 

of  Utah  for  the  fiscal  77 ears 

1913-1919  to  1923-1929 


Pis cal  year 

All  compensible 

injuries  i 

1 

Rate  per  1,000 
employees 

Compensation  and 
medical  costs 

1918-1919  . 

1,642  * 

471.0 

$  114, 556 

1919-1920  . 

2,180 

504.6 

139,721 

1920-1921  . 

2,137 

440.4 

209,174 

1921-1922  . 

1,812 

378,2 

152, 783 

1922-1923  . 

1,661 

330.8 

150,168 

1923-1924  . 

1.923 

359,2 

764,969 

1924-1925  . 

Is  790 

380,2 

252,858 

1925-1926  . 

1,742 

363.0 

155,091 

1926-1927  . 

1,727 

455.4 

232, 645 

1927-1928  . 

1,715 

448.0 

201,897 

1928-1929  . 

2,001 

475.6 

276,017 

Total  . 

20,330 

413.5 

$2,649,889 

Average  per  year. 

1,848.1 

1 

413.5 

$  240,899 

The  fatal  accidents  which  occurred  in  the  coal  mines  of  Utah  for  the  11- 
year  period  totaled  440,  or  an  average  of  40  per  year.  The  fatal  accident 
rates  show  no  marked  fluctnation  except  for  the  fiscal  year  1923-1924  when 
the  Castlegate  disaster  occurred. 

Compared  with  similar  fatal  accident  rates  for  all  ■bituminous  mines  of 
the  United  States,  the  Utah  rates  are  year  "by  j^ear  consistently  hi^er,  and 
for  most  years  more  than  double.  I’or  the  entire  period  the  fatal  accident 
rate  for  the  coal  mines  of  Utah  per  1,000  employees  is  3.9  compared  with  a 
rate  of  2.9  per  1,000  employees  for  all  the  ‘bituminous  coal  mines  of  the  United 
States  for  the  same  period. 

There  liave  'been  few  permanent  total  disa'bilities  in  the  coal  mines  of 
Utah;  only  5  cases  were  recorded  in  the  11  years. 

Permanent  partial  disa'oilities  during  the  period  totaled  393,  giving  a 
yearly  average  of  35.?  and  a  yearly  rate  per  1,000  employees  of  7.9.  During 
the  last  three  fiscal  years  studied  there  was  a  marked  rise  in  injuries  result¬ 
ing  in  permanent  partial  disabilities,  the  rates  per  1,000  emuloyees  increasing 
from  5.2  in  1925-1926  to  16.3  in  1925-1927,  13.0  in  1927-1928,  and  21.1  in 
1928-1929,  or’more  than  400  per  cent  increase  in  1928-1929  as  compared  with 
1925-1926.  There  is  good  reason  to  believe  that  much,  if  not  all  of  this  in¬ 
crease,  is  due  to  mechanized  loading  and  other  meclianization  of  mining,  which 
were  "being  rapidly  expanded  in  Utah’s  coal  mines  during  these  three  years. 

The  total  temporary  injuries  for  the  11  years  amounted  to  19,492,  with  a 
yearly  average  of  1,772  and  a  yearly  rate  per  1,000  employees  of  396.5.  The 
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rates  per  1,000  em-oloyees  for  temporary  disabilities  also  increased  from  353.8 
in  1925-1926  to  431.6  in  1926-1927,  429.7  in  1927-1923,  and  448.5  in  1928-1929, 
or  26  per  cent  increase  in  1928-1929  as  compared  with  1925-1926.  Here  again 
mechanization  undoubtedly  contributed  largely,  if  not  wholly,  to  the  increased 
injury  rate. 

Judging  from  the  accident  experience  shown  in  the  foregoing  tabulations 
for  the  11  fiscal  years,  one  can  view  the  mining  of  coal  in  Utah  only  as  a 
very  hazardous  occupation.  The  rates  indicate  that  for  every  thousand  men 
employed,  at  least  413,  or  41.3  per  cent,  receive  a  disabling  injury  each 
year.  Of  these  413  injuries  about  9  result  fatally,  about  8  are  permanent 
partial  disabilities  to  be  carried  throij^h  life,  and  the  remaining  396  are 
temporary  disabilities  with  loss  of  4  to  28  or  more  days. 

HEIATIOiT  OF  ACCIUEMT  CHAHGES  TO  COSTS 

The  economic  relation  of  accidents  to  coal-mining  costs  in  Utah  is  be¬ 
coming  more  and  more  apparent.  With  the  decreasing  value  of  coal  at  the 
mines  and  the  increasing  cost  of  compensation  insurance,  due  chiefly  to 
greater  numbers  of  accidents,  the  small  margin  of  possible  profit  in  coal 
mining  is  being  definitely  decreased  in  most  cases,  and  in  some  instances 
the  possible  profit  is  actually  turned  into  a  loss  by  the  cost  of  accidents. 
Should  the  tendency  to  yearly  increase  of  coal-mining  accidents  continue,  the 
resultant  rates  for  compensation  insurance  will  necessarily  increase,  possibly 
to  such  an  extent  that  they  are  liable  to  reduce  returns  on  coal  mining  to 
a  point  where  little  or  no  profit  may  be  shown. 

During  the  11  fiscal  years  included  in  this  study  the  compensation  and 
medical  costs  of  accidents  have  been  as  follows: 


Fatal  accidents  .  .  $1,473,367 

Permanent  total  disabilities  .  69,000 

Permanent  partial  disabilities  .  462i487 

Temporary  disabilities  . 645,035 

Total . $2,649,889 


The  yearly  average  of  these  costs  amounting  to  $240,899,  nearly  one- 
quarter  of  a  million  dollars,  is  most  certainly  an  unduly  large  sum  to  be 
expended  for  accidents  in  the  mining  of  an  average  of  4,794,606  tons  of  coal 
per  year. 

Although  the  foregoing  figures  represent  the  medical  costs  and  compensa¬ 
tion  awards  made  as  the  result  of  accidents  in  the  coal  mines  of  Utah,  they 
fall  far  short  of  the  real  cost  of  those  accidents.  The  compensation  insur¬ 
ance  paid  as  coverage  for  accident  liability  represents  more  nearly  the  true 
costs,  as  it  is  the  actual  direct  outlay. 

During  the  11  years  the  compensation  premiums  paid  by  Utah’s  coal  mines 
have  amounted  to  $4,125,381,  or  an  average  of  $375,035  yearly.  For  the  full 
11-year  period  the  compensation  premium  cost  has  averaged  7.8  cents  per  ton  of 
coal  mined,  or  2.8  per  cent  of  the  average  value  of  the  coal  over  the  tipple. 
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The  compensation  rates  during  the  early  part  of  the  period  were  found  to 
he  high.  $7.81  per  $100  of  the  ixiyroll.  In  1920  they  were  reduced  to  $5.34 
for  the  stock  companies  and  $4^58  for  the  State  Insurance  Fund  and  self- 
insurers.  A  further  reduction  was  made  in  1922  to  $3.90  for  the  stock  com- 
i^anies  and  $3,12  for  the  State  and  self-insurers.  These  rates  prevailed  until 
1928  when,  due  to  the  increased  number  of  accidents  and  their  resultant  medi¬ 
cal  and  compensation  costs,  an  increase  in  premium  rates  became  necessary. 

The  rates  were  increased  from  $3.90  to  $5  for  stock  companies,  and  from  $3.12 
to  $4.25  for  the  State  and  self-insTirers.  Reflecting  this  increase,  the  total 
premiums  for  the  fiscal  year  1927-1928  of  $251,505  jumped  to  $335,830  for  the 
fiscal  year  1928-1929,  Even  this  increase  was  not  sufficient  to  cover  the 
mounting  costs  of  the  greater  number  of  accidents;  so  on  January  1,  1930,  the 
rates  were  again  raised  to  $7  for  stock  companies  and  $5.95  for  the  State  and 
self-insurers.  Thus,  in  less  than  two  years  it  has  been  found  necessary  to 
increase  the  compensation  insurance  rates  approximately  80  per  cent,  and  in 
this  it  may  be  well  to  remember  that  much,  if  not  all,  of  the  increase  in  the 
accident  rate  was  due  to  the  extension  of  mechanization  in  Utah’s  coal  mines. 
Should  accidents  continue  to  increase  in  the  same  proportion  as  they  have  in 
the  last  four  fiscal  years,  a  further  raise  in  the  compensation  premium  rates 
is  inevitable. 

A  review  of  the  official  reports  of  fatal  accidents  occurring  in  the 
coal  mines  of  Utah  shows  conclusively  that  many  of  them  could  have  been  avoided. 
Likewise,  the  low  accident  records  not  only  of  certain  of  the  coal  mines  of 
Utah,  but  of  other  large  coal -mining  companies  throu^out  the  United  States 
with  hazards  fully  as  great  as  those  common  to  Utah  mines,  give  ample  evidence 
that  coal  can  be  mined  in  Utah  as  well  as  elsewhere  with  low  accident  rates. 
Further,  it  is  believed  that  should,  say,  20  per  cent  of  the  present  yearly 
cost  of  $375,000  for  compensation  insurance  be  expended  for  increased  inspec¬ 
tion  and  supervisory  forces,  closer  supervision  of  working  places,  increased 
timber  supplies,  the  installation  and  use  of  a  safer  type  of  equipment,  the 
instruction  and  disciplining  of  employees,  and  a  conscientious  and  continued 
effort  put  forth  by  the  managers,  supervisors,  and  working  force,  the  accident 
rates  of  the  coal  mines  of  Utah  can  be  reduced  so  that  the  compensation  prem¬ 
ium  rates  may  be  lowered  to  a  point  where  the  savings  will  be  several  times 
the  money  expended  in  those  efforts. 

Table  12  summarizes  the  fatal  accidents  '03^  company  and  year. 

DI3CUSSI0U  OF  DATA  PRESENTED 
Falls 


The  Kinne3r  Coal  during  its  operating  life,  1919-1925  had  the  unique 
record  of  not  having  a  fatality  from  falls  of  coal  or  rock;  however,  this 
mine  did  have  two  fatalities,  one  from  a  mining  machine  in  the  underground 
working  aind  one  on  the  surface.  The  Chesterfield  Coal  Co.  and  its  prede¬ 
cessor,  the  American  Fuel  Co.  had  no  fatalities  from  falls  of  coal  or  rock 
I  during  the  period  1918-1929,  and  the  Weber  Coal  Co.  had  but  one  fatality 
from  falls  of  coal  or  rock  during  the  period  1918-1929,  inclusive. 
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Haulage 

Companies  which  had  ne  fatalities  from  mine  cars  or  locomotives  -under¬ 
ground  are  the  Grass  Creek  Fuel  Co.  during  the  period  1918-1929,  inclusive, 
the  Kinney  Coal  Co.  through  its  entire  existence,  1919-1925,  inclusive,  the 
MacLeain  Coal  Co.  from  1923-1929,  inclusive,  the  National  Coal  Co.  in  the  two 
years  1928  and  1929,  the  Peerless  Coal  Co.  from  1918  to  1929,  inclusive,  the 
Sweet  Coal  Co.  1927-1929,  inclusive,  and  the  Weber  Coal  Co.  1918  to  1929,  in¬ 
clusive. 


Explosions 

During  the  period  1918  to  1929,  inclusive,  mines  had  explosions  of  gas 
or  dust  as  follows:  Carbon  Fuel  Co.  in  1929  with  one  death  and  in  1924  with 
five  fatalities;  Spring  Canyon  Coal  Co.  in  1924  with  two  fatalities  and  in 
1929  with  one  death;  the  Standard  Coal  Co.  in  1923  with  -two  fatalities;  and 
the  Utah  Fuel  Co.  in  1924  with  171  fatalities. 

After  the  Winter  Quarters  disaster  of  May  1,  1900,  with  its  200  fatali¬ 
ties,  very  rigid  precautionary  measures  were  adopted  and  kept  in  effect,  in 
consequence  of  which  nearly  24  years  elapsed  before  the  occurrence  of  another 
major  disaster;  however,  as  early  as  1915  or  1916  there  were  numerous  relax¬ 
ations  in  the  precautionary  methods  and  practices,  and  the  failure  to  have 
had  disasters  long  before  those  of  1924  at  Cast legate  and  at  Bains  can  be 
considered  as  merely  fortunate.  In  a  similar  manner,  several  years  have  now 
elapsed  since  the  Castlegate  and  Iteiins  disasters,  and  there  is  no  question 
that  many  unssife  practices  and  methods  are  in  effect  in  Utah’s  coal  mines; 
in  particular,  much  unsafe  electrical  equipment  is  being  placed  at  gassy  and 
dusty  faces,  the  inevitable  result  of  which  will  unquestionably  be  the  occur¬ 
rence  of  explosions  and  fires  unless  drastic  steps  are  taken  towards  enforcing 
adequate  safeguarding  measures. 


Explosives 

The  companies  that  had  fatalities  from  explosives  were  The  Independent 
Coal  &  Coke  Co,  in  1927,  one  death;  the  Liberty  Fuel  Co.  in  1918,  one  fatal¬ 
ity;  the  Spring  Canyon  Coal  Co.  in  1923,  one  death;  the  Standard  Coal  Co.  in 
1919,  one  fatality,  and  the  Utah  Fuel  Co.  in  1922,  two  fatalities.  The 
record  of  the  United  States  Fuel  Co.  with  five  large  mines  producing  during 
much  of  the  period  1918  to  1929,  and  with  no  fatalities  from  explosives,  is 
a  definite  indication  of  the  safety  of  the  blasting  system  used  exclusively 
by  this  company;  all  shots  are  fired  electrically  from  the  surface  when  all 
persons,  including  the  shotfirer,  are  out  of  the  mine.  This  system  is  also 
used  by  the  mine  of  the  Columbia  Steel  Corporation  which  has  had  no  fatal¬ 
ities  from  blasting  during  its  existence  from  1923  to  1929,  and  by  the  Peer¬ 
less  Coal  Co.  and  the  Royal  Coal  Co.,  both  of  which  operated  from  1918  to 
1929  without  a  fatality  from  blasting. 

Electricity 

Fatalities  from  electricity  occurred  as  follows:  Carbon  Fuel  Co.  in 


9859 


13  - 


I 

c 


•; :  '  ^ 


'.J  -  . 


i 


t 


I. C. 6530 

1920,  one  death  on  the  surface;  Chesterfield  Coal  Co.,  one  death  in  1922  on 
the  surface;  the  Independent  Coal  &  Coke  Co.  in  1929,  one  death  on  the  sur¬ 
face;  the  Liberty  Fuel  Co.  in  1920,  one  death  on  the  surface;  the  Mutual 
Coal  Co.,  one  death  underground  in  each  of  the  years  1922,  1925,  and  1926;  the 
Royal  Fuel  Co.,  one  death  underground  in  1927;  the  Snring  Canyon  Coal  Co.,  one 
death  on  the  surface  in  1921  and  one  underground  in  1929;  the  United  States 
Fuel  Co.,  one  death  on  the  surface  in  1918;  the  Utah  Fuel  Co.,  one*  death 
•underground  in  1921,  and  the  Weber  Coal  Co.,  one  on  the  surface  in  1920.  Of 
the  13  deaths  from  electricity  at  Utah’s  coal  mines  during  the  ‘oeriod  1918  to 
1929,  seven  were  on  the  surface,  indicating  laxity  in  surface  electrical  in¬ 
stallations.  Ten  of  the  23  coal-mining  companies  of  Utah  had  fatalities  from 
electricity  daring  the  period  1918  to  1929, 

Mining  Machines 

Mining  machines  caused  the  only  underground  fatality  in  the  career  of 
the  Kinrey  Coal  Co.;  this  death  occurred  in  1921,  and  the  mine  was  closed  in 
1925.  Ocher  fatal  accidents  from  mining  machines  were  one  in  1918  in  a  mine 
of  the  Spring  Canyon  Coal  Co.;  one  in  1928  in  a  mine  of  the  Standard  Coal  Co.; 
one  in  1919  and  one  in  1920  in  mines  of  the  United  States  Fuel  Co.;  and  "two 
in  1919  and  one  in  1921  in  mines  of  the  Utah  Fuel  Co. — a  total  of  ei^t  for 
the  period  under  review.  Most  of  these  accidents  could  have  been  avoided  by 
adequate  guarding  and  more  careful  use  of  mining  machines;  the  latter  for 
instance,  the  practice  of  leaving  but  one  man  on  a  coal-cutting  mining  machine, 
in  vogue  in  some  of  Utah's  coal  mines,  is  so  manifestly  dangerous  that  it 
should  not  be  allowed.  Accidents  of  all  classes  ca-used  by  ■rario'us  types  of 
mining  machines  can  be  expected  to  occur  and  probably  with  increasing  fre¬ 
quency  and  severity  unless  the  most  rigid  of  precautionary  meas'ures  are  adopted 
and  maintained  in  the  mechanization  of  underground  loading  and  other  processes 
now  being  extensively  introduced  into  the  coal  mines  of  Utah,  as  well  as  of 
other  States. 


S'urface  Fatalities 


On  the  surface,  mine  cars  and  locomotives  caused  deaths  as  follows: 

The  Chesterfield  Coal  Co.,  one  in  1918;  Lion  Coal  Co.,  two  in  1924;  Peer¬ 
less  Coal  Co.,  one  in  1928;  Spring  Canyon  Coal  Co.,  one  in  1919;  and  the 
Standard  Coal  Co.,  one  each  in  1920,  1922,  1928,  and  1929;  a  total  of  nine. 
Inasmuch  as  most  of  these  fatalities  were  in  connection  with  waLcing  on  sur¬ 
face  inclines,  it  would  apuear  advisable,  if  practicable,  to  make  adequate 
provision  for  safe  travel  ways  for  men  rather  than  to  allow  them  to  travel 
on  or  alongside  of  these  haulage  tracks  on  inclines.  These  surface  inclinos 
also  have  a  definite  hazard  in  the  man-trips  which  consist  merely  of  empty 
cars,  and  essentially  without  taking  any  precautions  other  than  would  be 
taken  with  the  same  number  of  ceurs  loaded  with  coal;  it  would  appear  advis¬ 
able  to  have  specially  constructed  man  cars  or  man  trips  with  all  available 
safeguards  and  precautions;  if  this  is  not  done,  major  disasters  are  likely 
to  occur  in  connection  with  man  trips  on  those  inclines.  As  previously  in¬ 
dicated,  seven  persons  were  killed  on  the  surface  by  electricity,  as  well 
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as  six  others  in  ■undergTO'und  workings,  indicating  laxity  in  hoth  the  installa¬ 
tion  and  use  of  electricity  in  and  around  Utah  coal  mines. 

Mining  companies  with  no  surface  fatalities  dtiring  the  period  of  this 
study  are  the  Blue  Blaze  Coal  Co.,  G'ilumhia  Steel  Corporation,  Grass  Creek 
Coal  Co.,  MacLean  Coal  Co.,  Mutual  Coal  Co.,  National  Coal  Co.,  Royal  Coal  Co., 
and  the  Sweet  Coal  Co.  Surface  accidents  at  coal  mines  in  Utah,  as  well  as 
elsewhere,  are  caused  largely  by  engineering  failures  or  inefficiencies;  this 
is  also  the  case  with  accidents  from  mine  cars  or  locomotives,  from  electricity, 
from  railroad  cars  and  locomotives,  and  from  a  number  of  other  sources  of  acci¬ 
dent  occurrence  on  the  surface  at  coal  mines.  The  engineer  who  neglects  safety 
in  the  design  and  operation  of  surface  structures  and  equipment  has  done  a 
poor  job,  unfortunately,  safety  is  often  neglected  in  tipples,  mine  railroad 
yards,  hoisting  or  other  haulage  arrangements,  and  at  other  places  on  the  sur¬ 
face. 


Table  13  lists  the  fatality  rates  per  million  tons  of  coal  produced  for 
certain  Utah  companies  compared  with  the  rate  for  all  bituminous  mines  in  the 
United  States, 

Table  13,  -  Relative  fatality  rates  per  million  tons  produced  in  the 

coal-mining  companies  of  Utah 


Period 

t  Name 

1 

1 

ComTsany 

rate 

Rate  for  all 
coal  mines 
of  Utah 

Rate  for  all 
bituminous 
mines  of  the 
United  States 

1923  -  1929 

— 

Columbia  Steel  Corporation 

1.3 

— 

10.4 

3.5 

1918  -  1929 

2.5 

8.0 

3.5 

1918  -  1929 

Peerless  Coal  Co . 

2.9 

8.0 

3.5 

1919  -  1925 

Kinney  Coal  Co . 

3.2 

10.2 

3.5 

1926  -  1929 

Blue  Blaze  Coal  Co.  ... 

3.4 

5.1 

3.4 

1918  -  1929 

Independent  Coal  &  Coke  Co,* 

3.6 

8.0 

3.5 

1918  -  1929 

United  States  Fuel  Co.  .  . 

4.2 

8.0 

3.5 

1918  -  1929 

Liberty  Fuel  Co . 

4.3 

8.0 

3.5 

1918  -  1929 

Scofield  Coal  Co . 

4.7 

8.0 

3.5 

1918  -  1929 

Chesterfield  Coal  Co.  .  . 

4.8 

8.0 

3.5 

1918  -  1929 

Oosil.  0o«  •••••• 

5.0 

8.0 

3.5 

1918  -  1929 

Carbon  Fuel  Co . . 

5.9 

8.0 

3.5 

1918  -  1929 

Lion  Coal  Co . 

6.2 

8.0 

3.5 

1923  -  1929 

MacLean  Coal  Co.  ....  . 

6.4 

10.4 

3.5 

1927  -  1929 

Sweet  Coal  Co . 

6. 5 

5.2 

3.3 

1918  -  1929 

Standard  Coal  Co . 

6.9 

8.0 

3.5 

1918  -  1929 

Spring  Canyon  Coal  Co.  .  . 

7.1 

8.0 

3.5 

1918  -  1929 

Grass  Creek  Fuel  Co.  .  ,  . 

7.4 

8.0 

3.5 

1928  -  1929 

National  Coal  Co . 

8.2 

5.2 

3.3 

1921  -  1929 

Mutual  Coal  Co . 

8.3 

9.0 

3.5 

1918  -  1929 

Utah  Fuel  Co . 

17.8 

8.0 

3.5 
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The  fatality  rates  -oer  1,000,000  tons  produced  for  the  coal-minipg  com¬ 
panies  of  Tjtali  compared  with  lilce  rates  for  all  of  the  hituminous  mines  of 
the  United  States  show  four  companies  with  hetter  rates  than  those  of  the 
hituminous  coal  industry  as  a  whole,  and  one  equally  as  good.  The  majority 
of  Utah  companies  present  accident  rates  considerably  above  those  prevailing 
for  the  whole  country,  althou^  the  thiuh  beds  of  coal  in  Utah  and  the  high 
tonnage  per  man  employed  gives  its  coal  mines  a  distinct  advantage  in  acci¬ 
dent  rates  on  a  tonnage  basis. 

Compared  with  the  rates  for  all  coal  mines  of  the  State,  only  three  com¬ 
panies  fail  to  have  a  better  record  than  the  State  rates.  The  State  rate, 
influenced  by  the  Castlegate  and  Hains  disasters  for  the  period  including 
1924  is  abnormally  hi^,  as  will  be  seen  by  comparing  rates  for  periods  ex¬ 
cluding  1924  where  differences  of  three  to  five  points  are  shown. 

Table  14  lists  the  coal  produced  per  fatality  in  certain  Utah  and  in  all 
bituminous  mines. 

Table  14.  -  Relative  tonnages  produced  per  fatality  for  the  coal 

mines  of  Utah 


Period 

Hame 

Company 

tonnage 

All  coal 
mines 
of  Utah, 
tonnage 

All  bituminous 
mines  of  the 
United  States, 
tonnage 

1923  -  1929 

Columbia  Steel  Corporation  . 

■ 

763,380 

95,472 

285,578 

1918  -  1929 

Royal  Coal  Co . 

386,850 

124,736 

285,001 

1918  -  1929 

Peerless  Coal  Co . 

342,597 

124,736 

285,001 

1919  -  1925 

Kinney  Coal  Co . 

306, 656 

97,127 

279,251 

1926  -  1929 

Blue  Blaze  Coal  Co . 

298,905 

193,279 

293,523 

1918  -  1929 

Independent  Coal  &  Coke  Co. 

270,920 

124, 736 

285,001 

1918  -  1929 

United  States  Piuel  Co.  ... 

235,032 

124, 736 

285,001 

1918  -  1929 

Liberty  Fuel  Co . 

229,720 

124, 736 

285,001 

1918  -  1929 

Scofield  Coal  Co . 

212,045 

124, 736 

285,001 

1918  -  1929 

Chesterfield  Coal  Co.  .  .  . 

208,195 

124,736 

285,001 

1918  -  1929 

Weber  Coal  Co . 

198,820 

124, 736 

285,001 

1918  -  1929 

Carbon  Fuel  Co . 

168,867 

124, 736 

285,001 

1918  -  1929 

Lion  Coal  Co . 

160,699 

124,736 

285,001 

1923  -  1929 

!dacLean  Coal  Co . 

156,115 

95,472 

285, 578 

1927  -  1929 

Sweet  Coal  Co . 

152,787 

189,242 

299,856 

1918  -  1929 

Standard  Coal  Co . 

144,060 

124, 736 

285,001 

1918  -  1929 

Spring  Canyon  Coal  Co.  .  .  . 

139,830 

124, 736 

285,001 

1918  -  1929 

Grass  Creek  Fuel  Co.  .... 

133,516 

124, 735 

285,001 

1928  -  1929 

national  Coal  Co . 

121,200 

121,902 

301,194 

1921  -  1929 

Mutual  Coal  Co . 

119,101 

109,932 

282,077 

1918  -  1929 

Utah  Fuel  Co.  .  .  . 

55,914 

1 

124,736 

285,001 
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The  tonnage  produced  per  fatalitj'  for  five  of  the  coal  companies  of 
Utah  are  above  the  average  for  all  the  bituminous  mines  of  the  United  States, 
whereas  the  balance  of  the  companies  show  tonnages  which  are  far  from  favor¬ 
able.  Compared  with  tonnages  for  all  the  coal  mines  of  the  State,  however, 
only  three  companies  fail  to  equal  the  State  average.  Here  again  the  influ¬ 
ence  of  the  disaster  of  1924  is  apparent  in  the  State  tonnages  where  that 
year  is  included  in  the  periods  considered. 

Table  15  gives  the  coal  mined  per  employee  in  certain  Utah  mines  and  in 
all  bitpminous  mines. 

Table  15.  -  Yearly  tonnage  produced  per  employee  for  the  coal  mines 

of  Utah 


Period 

1 

! 

I 

Name  ] 

1 

j 

Company 

tonnage 

All  coal 
mines 
of  Utah, 
tonnage 

All  bit-uminous 
mines  of 
United  States, 
tonnage 

1923  -  1929 

1 

; 

; 

Columbis  Steel  Corporation  .  j 

1,734 

1,197 

888 

1918  -  1929 

Independent  Coal  &  Coke  Co.  i 

1,393 

1,174 

832 

1918  -  1929 

Liberty  Fuel  Co . 

1.389 

1,174 

832 

1918  -  1929 

United  States  Fuel  Co.  .  .  . 

1,365 

1,174 

832 

1928  -  1929 

National  Coal  Co.  ..... 

1,247 

1,320 

978 

1927  -  1929 

Sweet  Coal  Co . 

1,217 

1,354 

939 

1918  -  1929 

Peerless  Coal  Co . 

1,204 

1,174 

832 

1926  -  1929 

Blue  Blaze  Coal  Co.  .... 

1,139 

1,324 

946 

1918  -  1929 

Royal  Coal  Co . 

1,111 

1,174 

832 

1921  -  1929 

Mutual  Coal  Co . 

1,100 

1,146 

822 

1918  -  1929 

Spring  Canyon  Coal  Co.  .  .  . 

1,096 

1,174 

832 

1918  -  1929 

Standard  Coal  Co . 

1,086 

1,174 

332 

1918  -  1929 

Lion  Coal  Co . 

1,061 

1,174 

832 

1918  -  1929 

Carbon  Fuel  Co . 

974 

1,174 

832 

1918  -  1929 

Chesterfield  Coal  Co.  ... 

965 

1,174 

832 

1919  -  1925 

Kinney  Coal  Co . 

953 

1,096 

741 

1918  -  1929 

Utah  Fuel  Co . 

947 

1,174 

832 

1923  -  1929 

MacLean  Coal  Co . 

918 

1,197 

838 

1918  -  1929 

Scofield  Coal  Co . 

888 

1,174 

832 

1918  -  1929 

Weber  Coal  Co . 

746 

1,174 

832 

1918  -  1929 

drass  Creek  Fuel  Co . 

745 

1,174 

832 

The  tonnages  produced  per  employee  by  the  coal-mining  companies  of  Utah 
have  always  been  hi^,  and  in  only  three  instances  of  the  periods  studied  has 
production  fallen  below  the  averages  for  all  the  bituminous  mines  of  the  coun¬ 
try,  Less  than  one-half  of  the  companies,  thou^,  showed  tonnages  equal  to 
the  averages  for  Utah. 

Table  16  gives  the  fatality  rates  per  1,000  employees  for  certain  Utah 
companies  and  for  all  bituminous  mines. 
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Table  16.  -  Relative  fatality  rates  for  thousand  employees  for  the 

coal  raining:  companies  of  Utah 


Period 

Uame 

.  . 

Comuany 

rate 

'  Rate  for 
j  all  coal 
mines  of 
Utah 

Rate  for  all 
bituminous 
mines  of  the 
United  States 

1923  -  1929 

Columbia  Steel  Corp.  .  .  . 

2.2 

12.5 

3.1 

1918  -  1929 

Royal  Coal  Co.  .  .  .  .  .  . 

2.8 

9.4 

2.9 

1919  -  1925 

Kinney  Coal  Co . 

3.1 

16.7 

2.6 

1918  -  1929 

Peerless  Coal  Co . 

3.5 

9.4 

2.9 

1918  -  1929 

Weber  Coal  Co . 

3.7 

9.4 

2.9 

1926  -  1929 

Blue  Blaze  Coal  Co.  ... 

3.9 

6.8 

3.2 

1918  -  1929 

Scofield  Coal  Co . 

4.1 

9.4 

2.9 

1918  -  1929 

Chesterfield  Coal  Co.  .  . 

4.6 

9.4 

2.9 

1918  -  1929 

Independent  Coal  &  Coke  Co. 

5.1 

9.4 

2.9 

1918  -  1929 

Grass  Creek  Fuel  Co.  .  .  . 

5.6 

9.4 

2.9 

1918  -  1929 

Carbon  Fuel  Co . 

5.7 

9.4 

2.9 

1923  -  1929 

MacLean  Coal  Co.  . 

5.8 

12.5 

3.1 

1918  -  1929 

United  States  Fuel  Co.  .  . 

5.8 

9.4 

2.9 

1918  -  1929 

Liberty  Fuel  Co.  ^  .  .  .  . 

6.0 

9.4 

2.9 

1918  -  1929 

Lion  Coal  Co.  ...... 

6. 6 

9.4 

2.9 

1918  -  1929 

Standard  Coal  Co.  .... 

7.5 

9.4 

2.9 

1918  -  1929 

Suring  Canyon  Coal  Co.  .  . 

7.8 

9.4 

2.9 

1927  -  1929 

Sweet  Coal  Co.  ...... 

7.9 

7.1 

3.1 

1921  -  1929 

Mutual  Coal  Co.  ..... 

9.2 

10.4 

2.9 

1928  -  1929 

National  Coal  Co.  .... 

10.3 

6.8 

3.2 

1918  -  1929 

Utah  Fuel  Co.  ...... 

16.9 

9.4 

2.9 

The  fatality  rates  per  1,000  employees  for  the  coal-mining  companies  of 
Utah  compared  with  the  same  rates  for  all  bit-uminous  mines  of  the  United  States 
for  like  periods  reveal  only  two  Utah  coal-mining  companies — the  Colmbia 
Steel  Co.  and  the  Royal  Coal  Co. — having  rates  equal  to  or  better  than  the  rate 
for  the  United  States.  These  two  instances  prove,  however,  that  it  is  possible 
to  mine  coal  in  Utah  with  as  low  a  fatality  rate  as  elsewhere  in  the  United 
States,  and  these  mines  afford  records  which  the  other  coal-mining  companies 
can,  if  they  will,  duplicate  or  better. 

The  records  of  nearly  one-half  of  the  companies  show  rates  more  than 
double  those  for  the  bituminous  mines  of  the  United  States,  and  with  several 
of  the  companies  the  rates  are  three  or  four  times  as  hi^. 

The  company  rates  compared  with  those  for  all  the  coal  mines  of  Utah  are 
in  most  cases  low,  but  this  is  due  wholly  to  the  fact  that  the  years  considered 
in  this  study  include  1924  when  the  Castlegate  and  Rains  disasters  with  177 
fatalities  occurred,  and  this  gives  a  State  rate  decidedly  hi^er  than  normal. 
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UTAH  COAL-MIimiG  ESGULATIONS 

Utah's  coal -mining  regulations  are  generally  held  to  "be  the  most  drastic 
in  the  United  States,  if  not  in  the  world,  and  embody  many  of  the  most  up-to- 
date  policies  for  safeguardihg  mines  and  employees.  These  regulations  have 
either  been  framed  by  the  coal  operators  or  have  been  adopted  only  after  the 
written  approval  of  the  operators  has  been  received.  Not  only  have  the  Utah 
coal  operators  had  a  deciding  voice  in  the  framing  of  every  State  regulation 
under  which  they  are  world.ng,  but  they  may  at  any  time  have  any  State  regula¬ 
tions  as  to  individual  or  unusual  conditions  suspended  or  entirely  revoked  or 
changed,  by  presenting  to  the  State  Industrial  Commission  a  reasonable  show¬ 
ing  why  such  suspension  or  change  should  be  made. 

Utah's  original  mining  law  was  altered  little,  if  at  all,  between  1900 
and  1917,  when  the  act  was  passed  creating  the  State  Industrial  Commission 
and  placing  the  inspection  of  coal  mines  thereunder.  In  1918,  an  agreement 
was  made  with  the  Federal  Government,  whereby  the  latter  f-umished  a  mining 
engineer  who  acted  as  chief  mine  inspector  representing  both  the  State  and  the 
Federal  Government.  Shortly  after  this  act  became  effective,  a  committee  of 
five  coal  operators  and  mining  engineers,  representing  the  larger  as  well  as 
smaller  producers,  together  with  the  chief  mine  inspector,  the  State  coal¬ 
mining  inspector,  and  three  electrical  engineers,  was  appointed  to  frame  de¬ 
tailed  regulations  for  Utah's  coal  mines.  Very  detailed,  and  in  some  respects 
radical,  regulations  were  adopted  and  placed  in  pamphlet  form;  the  regulations 
became  effective  on  September  1,  1920. 

Under  these  regulations,  detailed  safety  rules  were  issued  regarding  most 
of  the  operations  in  a  coal  mine;  some  of  the  outstanding  features  were  the 
following:  Every  mine  was  required  to  have  a  checking  system  Mhich  would 
account  for  the  whereabouts  of  every  man  in  the  mine  and  especially  show  when 
all  were  out  of  the  mine.  All  mines,  whether  gassy  or  nongassy,  were  required 
to  have  a  regular  fire  boss's  inspection  before  the  shift  entered  the  mine. 

All  mines  were  required  to  have  first-aid  supplies  and  equipment  and  first-aid 
stations  underground;  where  more  than  50  men  were  employed  underground,  the 
mines  were  required  to  have  a  corps  of  men  trained  in  first  aid  and  in  mine 
rescue,  and  to  have  rescue  annaratus  available.  Travel  ways  separate  from 
haulage  roads  were  required  where  the  dip  of  the  coal  exceeded  10°,  Hoisting 
enginemen  were  required  to  have  a  health  certificate.  Mining  machines  must 
have  guards  over  the  bits;  numerous  provisions  were  also  made  as  to  guarding 
gears,  and  other  features  of  the  tipple  as  well  as  of  underground  machinery. 
Sprinkling  was  required  except  in  places  naturally  wet  or  made  wet  by  the  use 
of  steam;  water  hose  would  be  furnished  any  face  worker  who  requested  it.  In 
addition,  there  were  fairly  complete  provisions  as  to  ventilation,  use  of 
electricity,  safety  lamps,  timbering,  the  use,  handling,  and  storage  of  explo¬ 
sives,  and  as  to  other  operations. 

After  the  Federal  leasing  act  became  effective  in  1921,  many  of  the  Utah 
coal  comuanies  took  Federal  leases,  operating  the  leased  land  throu^  existing 
mines,  thereby  making  the  Federal  leasing  regulations  au-olicable  to  such  mines. 
These  Federal  regulations  are  held  to  be  somewhat  radical,  yet  they,  as  well 

as  Utah's  regulations,  are  now  applicable  to  Utah  coal  mines  producing  much  of 
the  coal  of  the  State. 
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The  Castlegate  explosion  in  March,  1924,  created  a  feeling  that  some 
of  the  optional  or  provisional  requirements  of  both  the  Utah  regulations 
and  of  the  federal  leasing  regulations  should  he  made  obligatory.  There¬ 
fore,  at  the  request  of  the  State  Industrial  Commission  of  Utah,  the  Utah 
Coal  Mine  Inspection  force  and  some  engineers  of  the  United  States  Bureau 
of  ^ines  siiggested  some  modifications  of  the  Utah  coal-mining  regulations 
v?hich  were  submitted  to  a  committee  of  Utah  coal  operators.  This  committee, 
comuosed  of  members  aupointed  by  each  of  the  18  main  operating  coal  companies 
of  Utah  and  representing  more  than  95  per  cent  of  the  total  State  production, 
consisted  of  general  managers,  general  superintendents,  chief  engineers,  aid 
mine  superintendents,  every  one  with  many  years  of  mining  experience  and  un¬ 
doubtedly  the  men  best  qualified  to  safeguard  the  interests  of  their  employers. 
This  committee  accepted  without  change  six  of  the  proposed  new  regulations 
and  accepted  the  other  five  after  they  were  somewhat  amended.  In  turn,  the 
State  Industrial  Commission  accepted  the  findings  of  the  coal  operators'  com¬ 
mittee,  including  the  changes  made  by  the  committee.  The  revised  so-called 
drastic  regulations  adopted  in  Utah,  in  1924,  in  this  way  received  the 
written  approval  of  every  large  coal-mining  company  in  Utah  before  they  were 
adopted.  Under  these  new  regulations,  Utah  coal  mines  were  the  first  in  the 
United  States  to  require  rock-dusting  and  to  use  rock-dust  barriers;  to  ex¬ 
clude  black  powder  and  use  nothing  but  permissible  explosives  in  the  shooting 
of  coal;  to  exclude  fuse  and  squibs  and  have  all  blasting  done  by  electricity, 
(even  then  no  blasting  may  be  done  with  the  shift  in  the  mine);  to  exclude 
open  li^ts  and  allow  nothing  but  permissible  closed  electric  lamps  for  the 
miners  and  permissible  magnetically  locked  flame  safety  lamps  for  inspection 
work,  the  requirement  extending  to  so-called  nongassy  as  well  as  to  gassy 
mines;  to  have  water  piped  to  every  working  face  with  use  of  water  hose  at 
and  around  face  by  miners;  to  compel  all  coal  cutting  to  be  done  with  simul¬ 
taneous  use  of  water  to  kill  the  bug  dust;  and  to  prohibit  removal  of  methane 
accumulations  while  the  working  shift  is  in  the  mine. 

03SERVAITCE  OIT  MHUNG  REGULATION’S 

Although  several  of  the  coal  companies  have  tried  to  adhere  to  the 
spirit  as  well  as  the  letter  of  the  law  and  the  regulations  under  the  law, 
and  in  many  instances  have  excellent  and  somewhat  expensive  safety  methods, 
practices,  and  equipment  not  required  by  the  law,  there  are  undoubtedly 
mines  where  not  even  the  letter  of  the  law  has  been  obeyed.  Individual 
miners,  and  in  some  instances  mine  officials  tell  of  mines  where  smoking  has 
been  done  underground  with  more  or  less  the  consent  of  the  operator.  Open 
torches,  for  welding,  bonding,  and  other  work  have  been  used  more  or  less 
generally  and  with  the  ^ift  in  the  mine.  Dynamite  has  been  used  ostensibly 
for  blasting  rock,  but  actually  in  shooting  coal  in  some  instances.  Gas 
accumulations  have  been  moved  with  the  diift  in  the  mine,  and  in  some  cases, 
sprinlcling  has  been  used  to  waft  the  gas  into  the  ventilating  current,  not¬ 
withstanding  the  fact  that  this  very  poor  practice  resulted  in  the  Castlegate 
explosion  of  1924  with  its  171  fatalities.  More  or  less  open  abandoned  places 
are  unprotected  by  rock-dust,  rock-dust  barriers,  sprinkling,  or  sealing. 
Rock-dusting,  if  done  at  all,  is  in  many  mines  done  in  a  perfunctory  manner 
with  insufficient  dust  or  with  poor  distribution,  or  is  not  renewed  when 
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covered  with  coal-dust  in  explosive  proportions.  Use  of  water  on  cutting 
machines,  or  on  coal  at  faces  or  sprinkling  of  nonrock-dusted  haulage  ways, 
returns,  room  necks,  and  other  places  is  done  inefficiently,  and  dry  coal- 
dust  is  freely  found  in  the  lower  part  of  rooms,  in  air  courses,  crosscuts, 
open  abandoned  workings,  and  on  many  nonrock- dusted  haulage  roads.  Explo¬ 
sives  are  taken  into  the  mine  in  excessive  quantities  and  are  not  properly 
protected  while  in  the  mine,  and  are  used  in  sudi  large  quantity  per  hole 
that  the  permissiUle  or  safety  feature  is  destroyed.  Flame  safetj;-  lamps, 
supposed  to  "be  kept  locked  when  underground,  are  opened  underground  to  he 
relisted  because  the  relighting  devices  are  not  kept  in  working  order. 

While  verification  of  some  of  these  statements  would  he  difficult,  there  is 
little  doubt  that  there  is  foundation  for  them  and  good  reason  to  believe 
that  other  violations  of  the  regulations  are  more  or  less  current  practice. 

On  the  other  hand,  many  mining  men  who  were  skeptical  of  rock-dusting, 
yet  complied  with  the  regulations,  now  are  dusting  far  beyond  the  requirements 
of  the  State  and  the  cost  is  found  to  be  less  than  that  of  adequate  sprink¬ 
ling.  Some  mines  are  carrying  the  rock^usting  so  far  into  the  interior  of 
the  mine  that  the  barrier  requirement  is  being  waived.  Of  those  who  objected 
to  the  use  of  water  on  the  mining-machine,  cutter  chain,  few  now  would  abandon 
this  practice  even  if  permitted  to  do  so.  The  order  eliminating  black  pow¬ 
der  affected  very  few  mines.  While  black  powder  still  has  some  advocates, 
its  loss  has  caused  so  little  inconvenience  as  to  be  negligible,  and  much  of 
this  inconvenience  is  a  state  of  mind  rather  than  a  matter  of  fact.  The 
elimination  of  fuse  and  squibs  and  of  blasting  during  the  shift  was  an  actual 
benefit  to  every  uerson  concerned;  moreover,  it  applied  to  but  a  small  portion 
of  Utah’s  coal  mines,  inasmrxh  as  more  than  half  of  Utah’s  tonnage  had  been 
on  the  new  basis  for  several  years.  The  requirement  of  closed  electric  safety 
lamps  for  all  mines,  including  the  so-called  nongassy  mines,  has  been  a  de¬ 
cided  practical  success.  Disapproval  of  the  new  system  is  negligible,  as  is 
shown  from  the  fact  that  when  a  hearing  was  called  by  the  State  Industrial 
Commission  in  February,  1925,  to  discuss  the  advisability  of  modifying  the 
closed-li^.t  order,  no  advocate  of  the  open  light  appeared,  and  the  hearing 
developed  into  a  "love  feast"  in  favor  of  closed  li^t  for  all  mines. 

Utah,  for  more  than  a  quarter  of  a  century,  has  used  widespread  sprinkling 
of  workings,  probably  to  a  greater  extent  than  any  other  coal-mining  region 
in  the  world,  and  the  new  regulations  as  to  sprinkling  merely  made  obligatory 
practices  already  largely  in  effect  but  chiefly  optional.  However,  the  new 
regulations  caused  mrach  more  extensive,  and  at  the  same  time  much  more  inten¬ 
sive.  use  of  water,  especially  at  and  near  the  faces;  so  assiduously  was  the 
water  applied  that  the  wet  slack  became  difficult  to  screen,  and  as  a  conse¬ 
quence  some  companies  now  are  neglecting  the  sprinkling  in  order  better  to 
satisfy  consumers  as  to  coal  screening.  Other  mines,  however,  complying  with 
the  spirit  as  well  as  the  letter  of  the  law,  use  the  watir,  regardless  of  its 
effect  on  coal  screening  and  sizing.  Two  of  the  11  so-called  drastic  regula¬ 
tions  have  been  rather  freely  disobeyed  or  disregarded;  one  of  these  is  the 
requirement  that  methane  accumulations  shall  not  be  moved  while  the  shift  is 
in  the  mine;  the  other  is  that  before  track  is  palled  out  of  rooms,  air  courses, 
or  other  workings,  loose  coal  and  coal-dust  must  be  loaded  out.  The  moving  of 
methane  accumulations  during  the  shift  has  been  aLmost  a  general  practice  in 
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coal  mining;  hence,  it  is  difficult  to  diange.  Horever,  it  is  very  dangerous, 
has  resulted  in  innumerable  mine  disasters,  and,  notwithstanding  the  ou-nion 
to  the  contrary,  it  is  absolutely  unnecessary.  The  practice  certainly  nhmjild 
be  stopped. 

The  drastic  regulations  as  to  Utah  coal  mines  have  been  in  effect  several 
years;  while  they  caused  additional  expense  in  their  initiation,  there  is 
every  reason  to  believe  that  if  enforced  impartially  the  net  result  over  a 
period  of  years  would  be  a  monetary  saving  rather  than  an  extra  charge.  How¬ 
ever,  with  but  one  State  inspector  for  mines  with  about  3,500  men  producing 
approximately  5,000,000  tons  annually,  under  conditions  so  inherently  danger¬ 
ous  as  those  in  Utah's  coal  mines,  it  can  readily  be  seen  that  the  State  in¬ 
spection  force  is  entirely  inadequate;  and  in  time  the  regulations  will  be  a 
joke  except  with  those  operators  who  really  are  progressive  and  possessed  of 
a  conscience.  The  regulations  are  up-to-date,  safe,  sane,  practical,  even 
economical,  but  they  should  be  strictly  enforced  on  all  engaged  in  coal  mining 
in  Utah,  and  thereby  made  a  protection  to  those  operators  who  really  desire  to 
have  their  mines  safe,  as  against  those  who  would,  if  allowed,  sacrifice  safety 
of  mine  and  men  to  expediency  or  to  their  own  opinions. 

SUGGESTED  IN  SiLFETY  MEASURES 

Ivlany  of  the  smaller  mining  companies  in  Utah  have  their  individual  safety 
specialties;  on  the  other  hand,  some  mines  do  as  little  as  possible  and  yet 
show  enou^  compliance  with  the  regulations  to  avoid  the  disapps/o^’ul  of  the 
inspector.  The  numerous  factors  that  tend  toward  making  it  difficult  to  oper¬ 
ate  with  safety  in  the  coal  fields  of  Utah,  together  with  the  fact  that  the 
State's  coal-mine  accident  record,  both  as  to  individual  accidents  and  as  to 
disasters,  is  decidedly  bad  notwithstanding  the  many  excellent  safety  practices, 
laws,  and  regulations  in  effect,  indicate  that  much  yet  remains  to  be  done  to 
safeguard  Utah's  mines  and  miners;  therefore,  a  few  suggestions  as  to  nossible 
improvements  are  here  given. 


Mining  Methods 

1.  There  apnears  to  have  been  little  or  no  alteration  or  inrorovement  in 
the  general  system  of  mining  in  Utah  during  the  nast  20  years;  as  a  result, 
there  is  too  much  interconnection  of  mines,  too  much  interconnection  of  differ¬ 
ent  mine  levels,  with  far  too  man,7  open  nonworking  rooms,  entries,  and  other 
places.  The  remedies  are:  Adoption  of  nanel  systems  with  but  two,  three,  or 
four  openings  from  each  panel,  separating  each  panel  from  all  others  in  so  far 
as  possible.  Room  pillars  should  be  nulled  as  soon  as  rooms  reach  their  dis¬ 
tance;  where  this  can  not  be  done,  the  open  nonworking  rooms,  and  as  much  as 
possible  contiguous  entry,  pillar,  and  other  open  nonworking  territory,  should 
be  sealed.  In  -'mlling  pillars,  greater  care  should  be  taken  to  establish  and 
maintain  a  predetermined  uillar  line,  and  pillars  should  be  pulled  clean  even 
when  to  do  so  may  be  costly.  Entries  from  which  rooms  are  turned  should  be 
little,  if  any,  over  1,000  feet  long;  othen7ise  maintenance  is  likely  to  be¬ 
come  costly,  and  the  liaulage  ways,  manways,  and  other  openings  would  be  danger¬ 
ous  before  the  region  is  worked  out.  Where  nonworking  territory  must  be  kept 
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open,  whether  rooms,  entries,  or  pillars*  this  open  nonworking  territory  should 
he  kept  well  ventilated,  well  watered*  preferalsly  hy  water  sprays  running  con¬ 
tinuously,  or  rock-dusted}  in  any  event  it  should  he  well  protected  hy  rock- 
dust  harriers  as  open  nonworking  territory  is  very  little,  if  any,  less  dan¬ 
gerous  than  are  working  faces.  Ho  nonworking  territory  should  he  left  open 
if  it  can  he  sealed. 


Haulage 

2.  Haulage  casualties  occur  much  too  frequently  in  Utah  coal  mines;  a 
few  possible  precautionary  measures  are: 

Long,  steep  inclines  on  which  men  are  hauled  should  he  equipped  with 
safety  man  trips,  so  that  if  a  rope,  coupling,  or  drawbar  should  break,  auto¬ 
matic  devices  will  stop  the  trip.  If  this  is  not  done,  it  is  only  a  question 
of  time  until  there  will  he  very  serious  disasters  on  these  inclines. 

Bare  trolley  wires  carrying  250  to  500  volts  direct  current  should  he 
kept  well  boxed  where  the  wire  is  less  than"?  feet  above  the  rail;  this  is 
usually  held  to  he  impracticable,  hut  some  metal  mines  have  miles  of  effective¬ 
ly  boxed  trolley  lines. 

Haulage-entry  grading  is  too  frequently  held  to  he  dead  work  and  a  luxury; 
it  is  necessary,  pays  well,  and-  is  a  wonderful  safety  precautionary  measure. 

In  general,  the  pit  cars  and  grades  are  far  too  hea-\;y  and  dangerous  for 
animal  haulage;  mine  workings  should  he  planned  to  use  permissible  storage- 
battery  locomotives  for  gathering  purposes.  It,  however,  seems  to  he  any¬ 
thing  hut  safe  practice  to  put  trolley  locomotives,  even  the  crab  or  reel 
type,  to  the  face  of  workings  known  to  give  off  methane;  this  type  of  loco¬ 
motive  should  not  go  into  the  rooms  or  pillars  of  workings  with  dust  as  in¬ 
flammable  as  that  found  in  Utah’s  mines,  even  if  no  methane  is  known  in  such 
places. 

The  open-end  gate  type  of  pit  car  is  completely  out  of  date  in  efficient 
coal  mining,  is  wasteful,  and  is  decidedly  dangerous;  nothing  hut  the  no-gate 
type  of  pit  car  should  he  allowed  in  Utah  coal  mines. 

Blasting 

3.  Blasting  practice  in  Utah  is  decidedly  good,  hut  is  deficient  in 
some  respects. 

Ho  explosive  should  he  allowed  inside  when  the  shift  is  in  the  mine. 

The  shot-firers,  who  would  thus  carry  in  the  explosive  and  load  and  tamp  as 
well  as  fire  all  shots  after  departure  of  the  working  shift,  should  he  re¬ 
quired  to  have  certificates  of  competency  after  having  passed  an  examination, 
which  should  he  at  least  as  searching  as  the  examination  for  fire  bosses. 

While  nothing  hut  permissible  explosives  are  supposed  to  he  used  for 
shooting  coal  in  Utah's  coal  mines,  some  dynamite,  ostensibly  for  shooting 
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rock,  is  iDeing  used  to  shoot  coal  or  coal  and  rock  together.  Synamite  should 
he  wholly  eliminated  from  Utah's  coal  mines  because  permissible  explosives 
can  be  obtained  which,  when  used  correctly,  will  bring  down  any  rock  or  any 
coal  encountered. 

Permissible  explosives  are  not  held  to  be  safe  or  per:nissible  when  more 
than  l-g-  pounds,  or  approximately  3  sticks,  are  charged  into  a  hole;  as  a 
matter  of  fact,  as  many  as  5  sticks,  and  more,  are  being  used  in  Utah  mines 
because  of  lack  of  efficient  supervision,  or  in  some  instances  because  of 
failure  to  drill  enou^  holes.  This  use  of  excessive  nermissible  explosive 
per  hole  is  dangerous  and  is  also  certain  to  give  an  unnecessary  amount  of 
fines  and  shattered  coal. 

There  is  a  possibility  that  where  the  surface  electric  shooting  system 
is  in  use,  the  shot-firers  do  not  go  to  the  surface  to  fire  the  shots,  as  re¬ 
quired.  There  should  be  established  some  method  which  will  insure  that  the 
shot-firers  do  go  to  the  surface  before  or  while  firing  the  shots;  otherwise 
the  system  will  be  ineffective. 

Where  the  surface  shooting  system  is  in  use,  the  main  shooting  switch 
at  the  surface  should  be  so  constructed  that  electrical  contact  is  automatic¬ 
ally  maintained  for  but  a  fraction  of  a  second;  there  should  also  be  definite 
assurance  that  the  main  shooting  switch  will  not  be  thrown  in  a  second  time 
unless  there  has  been  complete  underground  inspection  and  rearrangement  of 
underground  shooting  switches  and  other  accessories. 

Ventilation 


4.  Ventilation  practice  in  Utah  coal  mines  is  above  the  average,  but 
there  are  serious  defects: 

Doors  on  haulage  roads  indicate  a  poor  ventilation  system;  this  is 
likely  to  be  decidedly  serious  in  gassj^’  mines.  Ventilation  should  be  planned 
so  that  overcasts,  regulators,  and  other  means  will  eliminate  doors  from 
haulage  roads,  or  even  from  most  of  the  main  manways. 

Too  many  doors,  stoppings,  and  other  appliances  in  Utah  mines  of  a  more 
or  less  permanent  nature  are  constracted  of  brattice  cloth,  wood,  or  other 
inflammable  material. 

Small  electrically  driven  booster  fans  with  tubing  are  being  used  in¬ 
creasingly  in  coal  mines  to  ventilate  dead  ends.  This  indicates  a  failure 
or  breaking  down  of  the  general  ventilation  sj'stem.  Electric  motors  are 
very  dangerous  in  gassy  mines,  and  unless  great  care  is  exercised  in 
placing  them,  and  also  in  starting  and  stopping  them,  a  disaster  is  likely 
to  occur. 

Air  courses  that  are  not  haulage  ways  (and  some  air  courses  that  are 
haulage  ways)  are  allowed  to  become  clogged,  or  nearly  so,  with  rock  or  coal 
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falls,  water,  or  debris  to  such  an  extent  that  air  flow  is  greatly  impeded, 
if  not  practically  stopped.  One  Utah  company,  hy  cleaning  a  few  of  its  air¬ 
ways,  increased  the  mine  air  flow  hy  more  than  one-third. 

Search  for  matches  and  -oatent  limiters  is  not  made  as  frequently  or  as 
rigidly  as  this  safety  feature  deserves;  it  is  said  that  in  some  coal  mines, 
the  mine  officials  wink  at  smoking  underground.  This  is  decidedly  dangerous, 
besides  being  a  defiance  of  the  law.  Several  recent  coal-mine  explosions  in 
closed-light  mines  have  been  caused  by  miners  smoking;  matches  are  often 
found  on  the  bodies  recovered. 

It  seems  probable  that  flame  sai'ety  lamps  are  being  opened  underground 
and  relisted  by  open- flame  matches;  in  several  instemces,  flame  safety  lamps 
have  been  found  with  a  defective  relighting  device;  hence,  they  could  have 
been  relisted  underground  only  by  opening  the  lamp  and  lifting  with  a  match. 
Some  system  should  be  devised  at  each  mine  to  have  all  the  flame  safety  lamps 
inspected  at  least  once  each  week  by  scxne  reliable  person  other  than  the  user, 
even  though  the  user  is  the  fire  boss,  foreman,  superintendent,  or  other  offic¬ 
ial. 


Electricity 

5.  Undoubtedly,  electricity  constitutes  the  greatest  probable  source  of 
danger  in  coal  mines  generally,  underground  electrical  installation  are  any¬ 
thing  but  safely  or  efficiently  placed  or  maintained. 

Eew  underground  workers,  whether  miners  or  officials,  are  sufficiently 
well  informed  regarding  electricity  to  be  able  to  give  an  adequate  opinion 
as  to  the  safety  of  electric  wiring,  hoisting,  pumping,  haulage,  coal-cutting, 
or  other  installations;  this  is  particularly  true  of  inspectors,  whether  work¬ 
ing  for  the  Federal  Government,  State,  or  the  companies  themselves.  A  compe¬ 
tent  electrical  inspector  should  be  provided  by  the  State,  and,  if  possible, 
he  should  have  experience  in  coal  mines  as  well  as  a  thorou^  familiarity  with 
electricity  and  its  dangers. 

In  most  coal  mines,  electric  wiring  is  neglected  in  back  entries  or  out- 
of-the-way  places,  frequently  also,  near  the  faces  and  in  main  haulage  or 
travel  roads.  This  is  noor  policy,  as  defective  wiring  in  mines  is  even  more 
dangerous  than  in  city  houses;  as  a  matter  of  fact,  mine  wiring  should  be 
more  carefully  placed  and  maintained  than  surface  or  house  wiring.  Utah's 
coal  mines  have  much  defective  wiring;  this  is  true  especially  of  shooting 
wires  in  rooms  and  in  entries  near  the  face. 

It  is  inconsistent  to  require  closed  lights  for  miners  yet  allow  use  of 
the  open,  nonpermissible,  electric  coal-cutting  and  drilling  equipment  at 
faces.  It  would  be  advisable  to  confine  future  installations  of  electrical 
equipment,  even  in  nongassy  mines,  to  the  permissible  variety.  Where  methane 
is  known  to  occur,  if  only  in  small  quantity,  nonpermissible  electrical 
machinery  should  be  withdrawn  and  permissible  equipment  substituted  and  main¬ 
tained  in  permissible  condition. 
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The  open  hare  places  on  power  wires  to  fasten  the  nips  of  the  mining- 
machine  trailing  cable  should  he  kept  covered  and  held  outside  the  last 
cross-cut.  Even  then  they  should  he  placed  as  near  the  floor  as  possible, 
rather  than  near  the  roof.  A  much  better  uractice,  however,  is  to  have  en¬ 
closed  connectors  and  thus  eliminate  all  danger  from  contact  with  hare  spots 
or  timbering  or  from  open  arcing  or  mechanized  mining. 

Supervision 


6.  Supervisory  force  in  coal  mines  of  Utali,  as  well  as  in  most  other 
coal-mining  States,  appears  not  to  he  as  efficient  in  safety  as  it  should, 
so  the  following  suggestions  are  offered: 

(a)  Utah  should  have  at  least  two  general  coal-mine  inspectors  and  one 
inspector  of  coal-mine  electrical  equipment;  these  inspectors  should  he  on 
a  civil-service  basis,  should  he  appointed  after  having  passed  a  difficult 
examination,  both  physically  and  mentally;  and  should  he  reexamined  about 
every  five  years. 

(h)  All  shot-firers,  fire  bosses,  mine  foremen,  mine  superintendents, 
and  general  superintendents  should  he  required  to  have  certificates  of  com¬ 
petency  after  having  passed  an  examination  involving  both  mental  and  physical 
tests  as  to  knowledge  of  mines  and  mining  and  ability  to  do  the  necessary 
underground  work.  These  certificates  should  be  renewable  every  five  years 
after  a  similar  examination  has  been  passed.  This  seems  drastic,  but  it 
might  aid  in  eliminating  from  official  positio'ns  many  men  unfit,  either 
physically  or  mentally,  to  hold  those  positions. 


COUCLUSIOU 

In  general,  safety  practices  in  Utah’s  coal  mines  are  better  than  those 
observed  in  coal  mines  of  other  States,  but  Utah’s  coal  mines  have  so  many 
inherent  natural  iiazards  that  they  demand  much  better  safety  practices  than 
mines  of  other  States.  There  should  certainly  be  no  letting  down  of  the 
bars;  rather,  those  bars  should  be  built  liiglier  and  made  more  difficult  to 
get  throu^  or  around  or  over. 
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IUTR0FJCTI017 

The  group  of  gems  included  under  the  general  name  "feldspar”  occupies 
only  a  minor  place  in  jewelry.  Feldspars,  with  the  possible  exception  of 
quartz,  are  the  most  important  of  rock-forming  minerals,  but  most  occurrences 
are  of  quite  ordinary  varieties,  without  striking  color  and  unattractive. 

Few  specimens  are  suitable  for  use  as  gem  stones,  but  occasional  crystals 
that  exhibit  unusual  brilliance  or  pla^’’  of  color  are  cut  into  various  shapes 
for  personal  adornment  or  for  architectural  decoration.  The  best  known  of 
the  feldspar  gems,  and  probably  the  most  important  in  point  of  production,  is 
the  moonstone.  Amazon  stones,  labradorite,  sunstone,  and  a  number  of  less 
common  varieties  have  been  produced  in  various  parts  of  the  world. 

The  present  paper  discusses  only  the  gem  varieties  of  feldspar.  Data 


The  Bureau  of  Mines  will  v/elcome  reprinting  of  this  article,  provided  the 
following  footnote  adoiowledgnent  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6533." 

Rare  metals  and  nonmetals  division,  U.  S.  Bireau  of  Mines. 
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as  to  commercial  grades  are  s-ummarized  in  another  puhlication-^  of  the  Bureau 
of  Mines. 


DESCRIPTION  AED  PROPERTIES 


The  feldspar  grouu  is  a  family  of  closely  related  minerals,  all  of  which 
are  composed  of  compo'onds  of  silica  and  alumina  with  varying  amounts  of  soda, 
potash,  or  lime.  The  more  important  members  of  the  feldspar  group  are 
orthoclase,  microcline,  albite,  oligoclase,  labradorite,  and  anorthite.  The 
formulas  for  the  principal  varieties  of  feldspar  are  as  follows: 

Orthoclase  and 
microcline 

Potassium-aluminum 

silicate 

KAlSisOs 

Albite 

Sodium-aluminum 

silicate 

NaAlSi203 

Oligoclase 

Aluminum- calcium  and 
sodium  silicate 

3NaAlSi208-lCaAl2Si208 

Labradorite 

Ao  .  .  .  ,  , 

INaAl S i 2 0 g • 3 CaAlgS i 2 Og 

Anorthite 

Aluminum  and  calcium 
silicate . 

CaAl2Si203 

In  crystallization,  orthoclase  is  monoclinic,  while  the  other  feldspars 
are  triclinic.  Twinring  is  very  common,  and, all  varieties  show  cleavages  in 
two  directions.  The  hardness  is  ahoi^t  6  and  the  specific  gravity  ranges  from 
2.5  to  2.8. 

Feldspars  are  colorless,  white,  pale  yellow,  green,  or  reddish.  Most  of 
them,  however,  are  without  strilring  color  or  optical  effects.  They  have  a 
vitreous  to  pearly  luster  and  are  transparent  to  opaque.  Although  the  mean 
index  of  refraction  varies  from  1.52  to  1.58,  the  double  refraction  is  low, 
ranging  from  0,005  to  0.012.  Dispersion  in  the  feldspars  is  also  low,  alhite 
being  0.012.  All  the  feldspars  are  biaxial;  albite  and  labradorite  are 
optically  positive  but  the  other  varieties  are  negative. 

Moonstone 

Tne  gem  varieties  of  orthoclase  are  transparent  and  colorless  and  are 
called  adularia,  or  moonstone  when  opalescent.  However,  there  are  moonstone, 
varieties  of  albite  and  oligoclase  also. 

Amazon  stone 

Tlie  bri^t  green  variety  of  microcline  is  called  amazon  stone  or  amazonite. 
This  varies  from  a  light  verdigris-green  to  a  deep  blue  green  and  finds  wide 
application  on  account  of  its  pleasing  color,  which  is  very  similar  to  jade. 

s/  Bowles,  Oliver,  and  Lee,  C.  V.,  Feldspar:  Inf.  Circ,  6381,  Bureau  of 
Mines,  October,  1930,  21  pp. 
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Sunstone  or 

Aventurine 

Sunstone,  or  aventurine  oligoclase  is  reddish,  with  bright  yellow  or 
red  reflections.  These  reflections  are  caused  by  iron  oxide  and  foreign 
inclusions  which- give  the  mineral  a  golden  shimmer  and  sparkle. 

List  of  Varieties 


Besides  the  more  important  members  already  given,  the  feldspar  group 
of  gems  is  divided  into  many  classes  -under  the  different  classifications  and 
divers  names  have  been  given  them.  The  following  alphabetical  list  gives 
the  gem  and  mineral  names  of  the  feldspar  group: 


Gem  name 


Common  name  or  description 


Adularia 
Alb it e 

Albite  moonstone 
Auazone  stone 

Andesine 
Adventurine 
feldspar 
Bemiscite 
Bull’s  eye 
Cassinite 

Ceylon  opal 

Changeant 

Chesterlite 

Delawarite 

Feldspar  sunstone 

Fish-eye 

Graphic- grani te 

Eeliolite 
Labrador  feldspar 
Labrador  spar 
Labrador  stone  - 
Labradorite 
Leelite 
Lennilite 
Microcline 

Moonstone 


Oeil  de  boeuf 
Oligoclase 


Ortho  c  las  e  (f  elds -par). 

Silicate  of  aluminum  and  soda  (feldspar). 

Iridescent  albite. 

Green  microcline  (feldspar),  silicate  of  alumin-um  and 
potass  i-um. 

Silicate  of  aluminum,  sodium,  and  calcium  (feldspar). 
Sunstone. 

Salmon-colored  feldspar  from  Bemis,  Maine. 

Labradorite  with  a  dusky  sheen. 

Pearly,  bluish  green  aventurine  feldspar  from  Delaware 
County,  Pa. 

Moonstone. 

Labradorite. 

Microcline  feldspar  from  Chester  County,  Pa. 

Aventurine  feldspar  from  Delaware  County,  Pa. 

Sunstone. 

Moonstone. 

Pegmatite  composed  of  quartz  and  feldspar  so  arranged 
as  to  simulate  writing. 

Sunstone  (feldspar). 

Labradorite. 

Labradorite. 

Labradorite. 

Feldspar,  silicate  of  aluminum,  sodi-um  and  calcium. 

Deep  flesh-red  orthoclase  (feldspar)  having  a  waxy  luster, 
Greenish  feldspar  from  Lenni  Mills,  Delaware  County,  Pa. 
Potash  feldspar  in  triclinic  crystals,  silicate  of 
aluminum  and  potassium. 

Feldspar  (usually  oligoclase  or  the  adularia  -variety  of 
orthoclase)  showing  a  pearly  opalescence;  also  common¬ 
ly  but  erroneously  applied  to  some  white  or  gray 
chalcedony  and  to  satin  spar  (gyps-um). 

Labradorite  (feldspar). 

Feldspar,  silicate  of  aluminum  sodi-um,  and  potass  i-um. 
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Gem  name 


Opaline  feldspar 
Orthoclase 

Orthos e 
Ox-eye 
Peristerite 
Perthite 

Snnstone 

Yariolite 

Hater  opal 
Holf's  eye 


(I 

Common  name  or  description 

Laoradorite. 

Potash  feldspar  in  monoclinic  crystals,  silicate  of 
al-uminnm  and  potassium. 

Moonstone  (feldspar). 

Lahradorite  ( feldspar) . 

Iridescent  alhite  (feldspar). 

Potash  feldspar  (orthoclase  or  microcline)  with  laminae 
of  soda  feldspar  (alhite). 

Peldsuar  (usiially  oligoclase  or  lahradorite)  containing 
inclusions  of  minute  scales  of  iron  oxide. 

Dark  green  orthoclase  (feldspar)  containing  lifter- 
colored  globular  particles. 

Moons  tone  ( feldspar) . 

Moonstone  (feldspar). 

USES 


Besides  being  used  in  jewelry,  feldspars  are  cut  into  various  shapes  for 
personal  adornment  and  for  architectural  decorations.  Ordinary  feldspar  is 
used  chief !;;•  in  the  ceramic  and  glass  industries,  and  to  a  minor  extent  as  an 
abrasive  in  scouring  prenarations,  but  is  also  employed  for  a  variety  of  other 
purposes, 

I  DEmEI  CATION 

The  feldspars  are  readily  distinrguished  by  their  optical  properties, 
moderate  hardness,  pronounced  cleavage,  and  peculiar  color  phenomena,  Ortho¬ 
clase  and  microcline  are  only  distinguished -from  each  other  by  careful  examina¬ 
tion.  Both  'are  difficultly  fusible  and  insoluble  in  acids.  They  are  distin¬ 
guished  from  the  other  feldspars  bv  their  right-angle  cleavage  and  the  lack 
of  striations  on  the  best  cleavage  surface. 

Tlie  Plagioclase  or  soda.-llme  feldspars  (albite-anorthite  series)  are  a 
trifle  more  fusible  and  not  quite  so  hard  as  the  potash  feldspars,  but  these 
varieties  are  so  similar  to  one  another  that  they  can  often  be  distinguished 
only  by  a  chemical  analysis  or  a,  thorough  optical  examination, 

,  SUBSTITUTES 

Hith  the  exception  of  microcline,  anorthoclase,  and  hyalophane,  all  the 
feldspars  have  been  synthetically  prepared.  Those  requiring  the  use  of  fluxes 
for  their  preparation  are  orthoclase,  celsian,  and  albite,  Anorthite  melts 
sharply  at  l,550O  C,  However,  there  is  little  commercial  advantage  in  manu¬ 
facturing  feldspar  gems  on  account  of  their  relatively  low  value  and  compara¬ 
tively  small  use  as  semiprecious  stones. 

HISTORY 

The  name  "feldspar"  was  used  by  Wallerins  in  his  mineralogy  in  the  Swedish 
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form  f eltspat .  vrhich  means  field  spar.  It  was  subsequently  written  ^felspar'* 
when  it  was  erroneously  assumed  that  the  word  was  derived  from  fel3«  meaning 
a  rock.  Feldspar  is  derived  from  the  German  word  feld,  meaning  a  field,  but 
in  German  the  old  name  is  preserved  as  "feldspat,"  The  preferred  American 
spelling  is  "feldspar,”  but  in  England  "felspar"  is  in  general  use.  Both 
spellings,  however,  are  commonly  seen. 

Adularia  or  moonstone 

Gem  varieties  of  orthoclase  when  opalescent  are  called  moonstone,  and 
adularia  when  transparent  or  colorless.  The  finest  stones  at  one  time  came 
from  the  St.  Gothard  district  in  Switzerland  and  were  known  as  adularia,  from 
the  nei^boring  Adular  Mountains, 


Amazon  stone 

Amazon  stone,  the  opaque,  green  feldspar  obtains  its  name  from  the  Amazon 
River,  where,  however,  none  has  ever  been  found.  Beautiful  green  stones  were 
found  on  the  banks  of  the  Amazon  and  these  may  have  been  confused  with  the 
mineral  of  the  feldspar  group  or  with  Jade  or  a  similar  mineral, 

Labra-dorite 

Originally  the  finest  specimens  of  labradorite  came  from  the. Isle  of  St. 
Paul  off  the  coast  of  Labrador,  where  they  were  first  discovered  in  1770, 

This  stone  gets  its  name  from  Labrador,  which  country  still  is  its  most  im¬ 
portant  locality. 


MODE  OF  OCCURRENCE 

Feldspar  occurs  as  an  accessory  constituent  of  all  types  of  rocks; 
igneous,  sedimentary'',  and  metamorphic.  Its  most  common  occurrences  are  in 
granites,  syenites,  porphyries,  certain  sandstones  and  conglomerates,  and  in 
gneisses.  Good  crystals  occur  chiefly  in  pegmatite  veins  associated  usually 
with  quartz,  muscovite,  etc.  Such  veins  are  to  be  found  in  regions  where 
granitic  rocks  abound. 


MINING  METHODS 

Practically  all  the  mining  done  in  the  United  States  for  gem  feldspar 
has  consisted  of  pits,  small  open  cuts,  and  occasional  tunnels.  The  various 
workings  for  amazon  stone  and  other  feldspar  minerals  cover  considerable 
ground  where  there  are  pits  every  few  feet  in  most  instances,  but  none  .of 
them  are  very  deep.  In  fact,  most  of  the  workings  are  less  than  12  feet 
deep. 


DOIvffiSTIC  PRODUCTION 

The  production  of  feldspar  gems  in  the  United  States  has  always  been  ex¬ 
ceedingly  small,  Althou^  the  mineral  itself  is  widely  distributed  throtigh 
many  States,  feldspar  of  gem  quality  has  not  been  mined  to  a  considerable 

5  - 
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extent,  iDecause  only  exceptionally  "find ‘stones  are  worth' more  than  the  cost 
of  cutting.  The  following  tatle  gives'' the  value  of  feldspar  gems  produced 
in  the  United  States  from  19Q0  to  1921,  when  the  United  States  Geological 
Survey  discontinued  the  canvass  of  producers: 


Table  1.  -  Value  of  feldspar  gems  'produced  in  the  United  States 

.  1900-1921 17 


Year 

Value 

Year 

Val-ue 

Year 

Value 

1900 

$  270 

1908 

$2,850 

1915 

$  368 

1901 

200 

1909 

2.700 

1916 

305 

1902 

500 

1910 

2,510 

1917 

(2) 

1903 

400 

1911 

175 

1918 

(2) 

1904 

500 

1912 

1,310 

1919 

(2) 

1905 

l.OOO' 

1913 

1.285  . 

1920 

■  520 

■  •  1906 

100 

1914 

449 

1921 

155 

1907 

-  1,110 

. 

1/  Compiled  from  annual  chapters  of  Mineral  Resources  of  the  United  States, 


Part  II. 

2/  Less  than  three  uroducers;  figures  not  nuhlished  separately. 

DEPOSITS  lU  THE  UlUTED  STATES 

Althou£h  some  gem  orthoclase  and  oligoclase  have  been  produced  in  the 
United  States,  and  labradorite,  suns tone,  and  moonstone  have  been  found  in 
certain  localities,  amazon  stones  seem  to  be  more  widely  distributed  and  to 
have  been  produced  to  a  greater  extent  than  any  of  the  feldspar  gems. 

•  Amazon  Stone 

t 

California.  -  A  number  of  specimens  of  amazon  stone  were  collected  in 
the  deserts  of  California  somewhere  between  Barstow  and  Lone  Pine.  This 
material  consisted  of  fragments  and  crystals  which  ranged  from  small  sizes 
to  an  inch  in  thickness.  A  few  of  the  specimens  sent  to  the  United  States 
Geological  Survey  were  especially  good  shades  of  bluish  green  and  greenish 
blue,  with  fairly  smooth,  fine  texture.  This  locality  should  prove  of  value 
if  larger  crystals  of  the  sane  good  color  can  be  obtained  in  quantity.  How¬ 
ever,  this  region  has  not  been  very  extensively  exploited  up  to  the  present 
time.  •  •  ; 

Colorado.  -  The  Pikes  Peak  region  has  long,  been  famous  as  a  source  of 
beautiful  crystals  of  amazon  stone  and  associated  smoky  and  clear  quartz. 

There  are  two  localities  where  amazon  stone  is  found,  one  to  the  east  of 
Pikes  Peak,  in  the  Crystal  Park  region  near  Manitou  Springs,  and  the  other 
about  18  miles  northwest  of  Pikes  Peak,  and  about  4  miles  north  of  Elorissant. 
Some  of  the  amazon  stone  is  of  good  gem  quality  and  has  a  rich  green  and 
bluish  green  color,  while  other  stones  are  pale  or  badly  stained  with  iron. 
These  crystals,  of  amazon  stone  are  generally  well  developed,  and,  vary  in 
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fom  felt  spat .  rhich  nieaiis  field  sx)ar.  It  was  subsequently  written  "felspar" 
when  it  was  erroneously  assumed  that  the  word  was  derived  from  fels,  meaning 
a  rock,  Feldspar  is  derived  from  the  German  word  feld.  meaning  a  field,  hut 
in  German  the  old  name  is  preserved  as  "feldspat,"  The  preferred  American 
spelling  is  "feldspar,"  hut  in  llngland  "felspar"  is  in  general  use.  Both 
spellings,  however,  are  co’mmonly  seen.  . 

Adularia  or  moonstone" 

Gem  varieties  of  orthoclase  when  opalescent  are  called  moonstone,  and 
adularia  when  transparent  or  colorless.  The  finest  stones  at  one  time  came 
from  the  St.  Gothard  district  in  Switzerland  and  were  known  as  adularia,  from 
the  nei^horing  Adular  Mountains.  ■ 

I  . 

Amazon  stone 

Amazon  stone,  the  opaque,  green  feldspar  obtains  its  name  from  the  Amazon 
River,  where,  however,  none  has  ever  been  found.  Beautiful  green  stones  were 
found  on  the  banks  of  the  Amazon  and  these  may  have  been  confused  with  the 
mineral  of  the  feldspar  group  or  with  jade  or  a., similar  mineral, 

Labra-dorite 

I  .*  ~  . 

Originally  the  finest  specimens  of  labradorite  came  from  the  Isle  of  St. 
Paul  off  the  coast  of  Labrador,  where  they  were  first  discovered  in  1770, 

This  stone  gets  its  name  from  Labrador,  which  country  still  is  its  most  im¬ 
portant  locality. 

MODS  OF  OCCimEMCE 

Feldspar  occurs  as  an  accessory  constituent  of  all  types  of  rocks; 
igneous,  sedimentary?’,  and  metamorphic.  Its  most  common  occurrences  are  in 
granites,  syenites,  porphyTies,  certain  sandstones  and  conglome'''’>tc3,  and  in 
gneisses.  Good  crystals  occur  chiefly  in  pegmatite  veins  associated  usually 
with  quartz,  muscovite,  etc.  Such  veins  are  to  be  found  in  regions  where 
granitic  rocks  abound. 


MIITIIJG  METHODS 


Practically  all  the  raining  done  in  the  United  States  for  gem  feldspar 
has  consisted  of  pits,  small  open  cuts,  and  occasional  tunnels.  The  various 
workings  for  amazon  stone  and  other  feldspar  minerals  cover  considerable 
ground  where  there  are  pits  every  few  feet  in  most  instances,  but  none  of 
them  are  very  deep.  In  fact,  most  of  the  workings  are  less  than  12  feet 
deep, 

* 

DOMESTIC  PRODUCTION 

The  production  of  feldspar  gems  in  the  United  States  has  alway’P  been  ex¬ 
ceedingly  small.  Although  the  mineral  itself  is  widely  distributed  through 
many  States,  feldspar  of  gem  quality  has  not  been  mined  to  a  considerable 
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extent,  "because  only  exceptionally  fine  stones  are  worth  more  than  the  cost 
of  cutting.  The  following  table  gives  the  value  of  feldspar  gems  produced 
in  the  United  States  from  1900  to  1921,  when  the  United  States  Geological 
Survey  discontinued  the  canvass  of  producers:  .  i  ■ 

Table  1.  -  Value  of  feldspar  gems  produced  in  the  United  States 

19Q0-1921T/ 


Year 

Value 

Year 

Value 

Year 

Value 

1900 

$  270 

1908 

$2,850 

1915 

$  368 

1901 

200 

1909 

2,700 

1916 

305 

1902 

500 

1910 

2,510 

1917 

(2) 

1903 

400 

1911 

175 

1918 

(2) 

1904 

500 

1912 

1,310 

1919 

(2) 

1905 

1,000 

•  1913 

1,285 

1920 

520 

1906 

100 

1914 

449 

1921 

155 

1907 

1,110 

ij  Compiled  from  annual  chapters  of  Mineral  Resources  of  the  United  States, 


Part  II. 

^  Less  than  three  nroducers;  figures  not  published  separately. 

Dii3?0SITS  IH  THE  UlUTED  STATES 

Althou^  some  gem  orthoclase  and  oligoclase  have  been  produced  in  the 
United  States,  and  labradorite,  sunstone,  and  moonstone  have  been  found  in 
certain  localities,  amazon  stones  seem  to  be  more  widely  distributed  and  to 
have  been  produced  to  a  greater  extent  than  any  of  the  feldspar  gems. 

Amazon  Stone 

California.  -  A  number  of  specimens  of  amazon  stone  were  collected  in 
the  deserts  of  California  somewhere  between  Barstow  and  Lone  Pine,  This 
material  consisted  of  fragments  and  crystals  which  ranged  from  small  sizes 
to  an  inch  in  thickness.  A  few  of  the  specimens  sent  to  the  United  States 
Geological  Survey  were  especially  good  shades  of  bluish  green  and  greenish 
blue,  with  fairly  smooth,  fine  texture.  This  locality  should  prove  of  value 
if  larger  crystals  of  the  sane  good  color  can  be  obtained  in  quantity.  How¬ 
ever,  this  region  has  not  been  very  extensively  exploited  up  to  the  present 
time. 

> 

Colorado.  -  The  Pikes  Peak  region  has  long  been  famous  as  a  source  of 
beautiful  crystals  of  amazon  stone  and  associated  smoky  and  clear  quartz. 

There  are  two  localities  where  araa-zon  stone  is  found,  one  to  the  east  of 
Pikes  Peak,  in  the  Crystal  Park  region  near  Manitou  Springs,  and  the  other 
about  18  miles  northwest  of  Pikes  Peak,  and  about  4  miles  north  of  Elorissant. 
Some  of  the  amazon  stone  is  of  good  gem  quality  and  has  a  rich  green  and 
bluish  green  color,  while  other  stones  are  pale  or  badly  stained  with  iron. 
These  crystals  of  amazon  stone  are  generally  well  developed,  and  vary  in 
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size  from  a  fraction  of  an  inch  to  3  or  4  inches  square;  the  larger  pieces 
furnish  fine  cabinet  specimens  for. mineral  collections.  Whitman  Cross^  and 
¥.  IT.  Hillehrand  have  described ‘tod  minerals  of  this  region. 

The  bulk  of  the  feldspar  used  as  a  precious  stone  has  been  produced  by 
Colorado,  and  the  amazon  stone  leads  all  the  others  in  value.  George  S’. 

Kunz^  states  that  an  exhibit  of  Colorado  amazon  stone  at  the  World's  Jfeir  in 
Philadelphia  in  1876  occasioned  much  surprise  because  of  its  beauty. 

Maine^  -'’Amazon  stone  was  found  along  the  coast  of  Maine  during  1914. 

This  discovery  wa,s  made  late  in  the  fall,  so  that  little  prospecting  was  possi¬ 
ble  and  only  about  a  -oound  of  crystals  was  obtained.  The  specimens  submitted 
to  the  "Qnited  States  Geological  Survey  were  rather  smalT  but  would  cut  into 
gems  of  pleasing  color.  If  larger  masses  of  equally/  good  quality  could  be  ob¬ 
tained  this  deposit  would  be  of  interest  to  the  Hew  England  semiprecious  stone 
trade.  However,  this  locality  has  not  "been  seriously  exploited  up  to  the 
present.  .  ’ 

Hew  York.  --Prof.  Freeman  F.  Burr,  of  Barnard  College,  Hew  York  City,  sub¬ 
mitted  to  the  United  States  Geological  Survey  several  crystals  of  amazon  stone 
which  he  had  collected  from  the  quarry  at  White  Plains,  H.  Y.  This  quarry  was 
then  being  worked  for  materials  to  be  used  in  the  construction  of  Kensico  dam 
for  the  Hew  York  City  water  su-oply.  One  crystal  from  this  quarry,  measuring 
7  by  7  by  5  inches  was  placed  in  the  collection  of  Columbia  University.  Some 
of  these  crystals  were  fairly  well  developed,  and  the  best  specimen  submitted 
to  the  United  States  Geological  Survey  showed  a  bright  translucent  bluish 
green  colors  this  stone,  however,  could  not  be  cut  into  a  "oure  gem  on  account 
of  the  markings.  Professor  Burrl/  describes  the  occorrence  of  amazon  stone 
at  White  Plains,  H.  Y.,  and  states  that  a  few  of  these  stones  have  been  cut 
as  gems  but  none  have  been  regularly  placed  on  the  market. 

Pennsylvania.  -  An  occurrence  of  amazon  stone  with  sunstone  was  reported 
to  the  United  States  Geological  Survey,  abo'ut.  1908,  at  a  locality  1  mile  west 
of  Media,  Delaware  Coianty,  Pa.  These  minerals  were  found  loose  in  the  soil, 
where  they  were  brou^t  up  from  pe^atite  ledges  by  the  action  of  frost. 

r 

Virginia.  -  Fine  specimens  and  gem  minerals  have  been  obtained  from  the 
mica  mines  of  the  Amelia  Courthouse  re^on,  Virginia.  A  description  of  this 
locality  and  its  minerals  has  been  given  by  W.  F.  Fontaine, Z/  who  mentions 
evidences  of  work  by  Indians  or  other  persons.  Amazon  stone  abo'ands  at  these 
mica  mines  where  it  occurs  in  a  coarse  pegmatite  associated  with  other  varie¬ 
ties  of  f  elds -oar. 

4/  Cross,  Whitman,  and  Hillebrond,  W.  F, ,  Minerals  from  Pikes  PeakT  'Am.  Jour. 
Sci.,  3d  ser.,  vol.  24,  1882,  pp.  281-286. 

^  Kunz,  G.  F. ,  Gems  and  precious  stones  of  Horth  America:  Hew  York,  1890, 
p.  165. 

6/  Burr,  F.  F.,  Occurrence  of  Amazon  Stone  at  Horth  White  Plains,  Hew  York: 

Sch.  of  Mines  Quart.,  vol.  36,  1915,  pp.  185-188. 

7/  Fontaine,  W.  F.,  Hotes  on  the  Occurrence  of  Certain  Minerals  in  Amelia 
County,  Va. :  Am.  Jour.  Sci.,  3d  ser.,  vol.  25,  1883,  pp.  330-339. 
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According  to  Doctor  Fosiiag.H/  the  color  of  the  amazon  stone  of  Amelia, 
Va, ,  is  more  pleasing  even  than  that  of  Colorado.  He  fpxther  states  that  al¬ 
though  this  is  massive  and  not  in  large  and  freely  developed  crystals  as  in 
Colorado,  it  possesses  a  pleasing  and  uniform  shade  that  is  better  suited 
for  catting  into  heads'  and  other  ornamental  forms. 


Lahradorite 


Oregon.  -  About  1908,  a  report  of  the  discovery  of  a  new  deposit  of 
lahradorite  in  southern  Oregon  was  made  by  Maynard  Bixby,  of  Salt  Lake  City, 
Utah,  who  stated  that  this  mineral  would  yield  handsome  gem  material.  This 
lahradorite  ranges  from  colorless  to  a  dark  variety,  lowing  fine  red,  salmon, 
and  green  tints. 

Utah.  -  A  new  find  of  transpar  t  pale  yellow  lahradorite  from  Millard 


County,  Utah,  was  reported  by  Eionz.^  At  this  locality  it  was  found  occurring 
in  scoria  and  is  of  interest  as  a  gem,  althou^  it  is  not  of  great  hardness. 

It  is  almost  identical  with  the  occurrence  of  the  Altar  Mountains  location  of 
Arizona,  which  was  the  first  reported  instance  of  a  transparent  lahradorite. 


Moonstone 


Virginia.  -  Specimens  of  moonstones  obtained  from  a  mica  mine  were  re¬ 
ceived  from  Hewlett,  Va.  This  variety  of  orthoclase  feldspar  occurs  in  pockets 
in  veinlets  of  partly  Icaolinized  feldspar  in  a  decomposed  mica  gneiss  forma¬ 
tion,  which  pockets  range  from  the  size  of  an  egg  to  that  of  a  cocoanut.  The 
material  examined  was  sli^tly  yellowish,  not  the  pure  white  of  good  moonstone, 
and  although  it  displays  a  certain  amount  of  the  chatoyancy  of  moonstone,  it 
was  not  so  strong  as  the  Ceylon  moonstone. 


Sun stone 


Arizona.  -  Dr.  H.  P.  Wightman  of  Globe,  Ariz,,  submitted  to  the  United 
States  Geological  Survey  specimens  of  andesine  feldspar,  some  of  which  showed 
the  characters  of  sunstone.  These  specimens  were  collected  by  the  Apache 
Indians  from  their  reservation  not  far  from  Globe,  and  resemble  the  sunstone 
from  Modoc  Corunty,  Calif.  Microscopic  examination  showed  it  to  be  andesine  with 
a  refractive  index  of  1.550.  While  one  piece  of  this  material  was  a  pale 
vellowish  color,  another  showed  bri^t  copper-colored  reflections  from  inclu¬ 
sions  along  certain  lines  of  crystallization  parallel  to  one  of  the  cleavages. 

California.  -  Qyite  a  quantity  of  sunstone  from  Modoc  County,  Calif., 
has  been  cut  into  gems,  specimens  of  which  were  received  by  the  United  States 
Geological  Survey  from  the  Pacific  Gem  Co.  of  Los  Angeles,  Calif.  These  cut 
gems  are  very  pretty  and  have  been  sold  under  the  name  of  both  goldstone  and 
sunstone.  This  feldspar  comes  rather  hi^  in  calcium,  with  many  minute  in¬ 
clusions  that  reflect  a  bri^t  coppery  red  li^t.  In  some  specimens  these 

8/  Poshag,  Wm.  P. ,  Gems  and  Gem  Minerals:  Smithsonian  Sci.  Ser. ,  vol.  3, 

pt.  2,  1929,  pp.  262-267.  ‘  ■ 

9/  Kunz,  G.  P.,  The  production  of  Precious  Stones  for  'the  Year  1915:  Min. 

Ind. ,  1916,  p,  611.  .  ,  '  ■  , 


8  - 


9911 


particles  are  almost  submicroscopic  "but  sufficiently  abundant  to  impart  a 
red  color.  However,  the  bod^’’  of  the  feldspar  material  is  colorless  and  clear. 


HOHHIGiT  LOCALITISS 
Amazon  Stone 

Amazon  stone  or  araazonite,  occurs  chiefly  in  the  Ilmen  Kountains,  Russia, 
Siberia,  and  Scotland.  This  bri^t  variety  of  raicrocline  is  a  very  popular 
shade  for ‘brooches  and  the  like,  and  is  often  cut  cabochon  on  account  of  its 
pleasing  color. 


Labradorite 

The  foreign  deposits  of  labradorite  are  found  mainly  in  Finland,  Russia, 
and  on  the  coast  of  Labrador.  La.brador  is  the  most  important  locality. 

Moonstone 

Ceylon  is  the  principal  source  of  moonstone.  In  fact,  practically  all 
the  moonstones  on  the  market  now  come  from  Ceylon,  although  at  one  time  the 
finest  came  from  the  St.  Go thard  district  in  Switzerland.  In  recent  years 
extensive  deposits  of  superb  stones  with  rich  reflections  have  been  obtained 
and  sent  to  the  gem  markets  all  over  the  world,  with  the  result  that  Ceylon 
is  now  noted  as  a  producer  of  the  finest  moonstones  obtainable. 

Suns tones 

S'onstones  of  very  excellent  q^jality  are  produced  in  many  parts  of  the 
world.  According  to  Doctor  Foshag,10/  rarity  gave  sunstone  considerable  popu¬ 
larity  at  one  time,  but  it  lost  th^t  asset  when  a  number  of  localities  yield¬ 
ing  abundant  quantities  B.Tr.eared,  ©opecially  at  Tvedestraud  in  Uorvay. 


10/  Foshag,  Urn.  F. , 
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DEPAETiAKN'T  OF  COMMFRCS  -  BUimU  OF  MINES 


MINIi'G  MWS  OF  PALESTIliE^ 
By  S.  P.  Yo-ungnian^ 


PREFATORY  NOTE 

This  paper  is  one  of  a  series  of  digests  of  foreign  mining  legislation 
and  court  decisions  that  is  being  prepared  in  advance  of  a  general  report 
relative  to  the  right  of  American  citizens  to  explore  fhr  minerals  and  to  own 
and  Operate  mines  in  various  foreign -countries .  Tlxis  interpretation  of  the  ^ 
mining  laws  of  Palestine  was  prepared  from  Bentwich's  Legislation  of  Palestine-^ 
and  from  a  report  made  by  H,  Gordan  Minnegerode,  American  vice  consul,  at 
Jerusalem,  in  reply  to  a  questionnaire  submitted  by  the  United  States  Bureau 
of  Mines  and  transmitted  through  the  courtesy  of  the  State  Department. 

INTRODUCTION 


The  Ottoman  lav;,  which  was  in  force  in  Palestine  before  the  British  con¬ 
quest  of  the  country  (1917-18),  still  forms  the  basis  of  the  legal  system. 
Nevertheless,  with  respect  to  mining,  legislation  has  been  considerably  re¬ 
vised  since  the  British  occupation  and  manda,te,  some  of  the  Ottoman  laws  having 
been  either  radically  altered  or  wholly  abolished,  in  order  that  the  legal 
status  of  Palestine  might  be  more  in  harmony  with  that  of  western  States. 

Legal  transition  is  still  far  from  beinrg  complete;  however,  no  farther  mining 
legislation  is  pending  at  the  present  time  (March,-  I93I). 

Revisions  during  the  British  military  occupation  (1917-20)  took  the  form 
of  proclamations  of  the  commander  in  chief.  After  the  establishment  of  the 
civil  administration  (1920)  changes  in  the  legal  system  were  a  decided  de¬ 
parture  from  the  T’orkish  laws.  In  1922  the  practice  was  begixn  of  giving  con¬ 
secutive  numbers  and  short  titles  to  the  ordinances, 

Tlie  basic  mining  law  is  the  mining  ordinance  of  1925,  No.  19  (amended  by 
mining  ordinance  No.  10  of  1926),  an  "ordinance  to  make  provision  regarding 
the  winning  of  minerals,  and  the  conditions  voider  which  minerals  may  be  gotten, 
and  to  replace  the  existing  Ottoman  laws  relating  thereto."  The  chief  regu¬ 
latory  provisions  are  embodied  in  regulations  (A)  and  (B) — mining  ordinance, 
1925.  This  mining  legislation  of  1925  repealed  the  following  laws: 

1  Tlie  Bureau  of  Mines  will  welcome  the  reprintir.g  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6534." 

2  Rare  metals  and  nonmetals  division. 

3  Bentwich,  Norman  DeMattos,  Legislation  of  Palestine,  1918-1925:  Vols.  1 

and  2,  Wliitehead  Morris  (Ltd,),  Alexandria,  1926, 
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1.  Ottoman  Law  of  Mines  of  14th  Sefer  1324-  (March  26,  I322) . 

2,  Ottoman  Law  of  34th  Moha^rrem  1327  (A'u^'iust  27,  1325),  concerning  trans¬ 
port  in  mines,  as  amended  h/  the  Ottoman  Provisional  Law  of  the  16th  Jamad  el 
Ahhar  I332  (April  2£,  1330). 


3.  Ottoman  Provisional  Law,  amending  the  law  of  mines  dated  14th 
Moharrem  133^  (Jainiery  1,  I329) . 

4.  Ottoman  Provisional  Law  aiaending  the  la.w  of  mines  dated  7th  Eajah 
1333  (March  8,  I33I). 


5.  The  Ottoman  Land  Code,  article  107. 


Although  the  mineral  industry  of  Palestine  is  still  problematical,  the 
outlook  is  considered  prom.ising,  Eecent  discoveries  of  mineral  deposits,  many 
of  them  unlcaovni  before  the  British  mandate  came  into  effect  (1923),  indicate 
the  possibility  tha.t  the  coiuitry  is  rich  in  hidden  minerals.  Eight  prospecting 
licenses  liave  been  granted  by  the  Palestine  Government  to  one  explorer  and 
nine  to  another  for  operations  in  more  or  less  the  same  area.  Spring  and  well 
water  are  abundant  in  the  vicinity  of  the  known  deposits,  labor  is  cheap  and 
plentiful,  and  a  good  natural  harbor  is  nearby.  Moreover,  the  existence  of 
ore  deposits  in  neighboring  territory  (notably,  copper  and  manganese  along  the 
Gulf  of  Suez)  lias  been  taken  as  a  strong  indication  tliat  similar  deposits  may 
exist  in  the  territory  of  Palestine  and  Trans-Jordan. 

BIGHTS  OP  F0BEIGNEE3 

Ar^iericans,  as  well  a.s  all  other  foreigners,  subject  to  the  same  terms  as 
are  British  subjects  or  natives  of  Palestine,  may  obtain  the  right  to  explore 
fpr  minerals  and  to  own  and  operate  mines,  by  reason  of  a  provision  in  the 
mandate  granted  to  Great  Britain  by  the  Leajgue  of  Nations  in  1922  and  made 
effective  in  1923,  which  prohibits  any  form  of  discrimination  in  Palestine  on 
the  groimd  of  nationality. 

Bo  specification  is  riade  in  the  law  that  any  definite  percentage  of  mining 
rights,  or  leases,  shall  be  vested  in  British  subjects  or  in  nationals.  Wide 
discretionary  power  is  given  mining  a,uthorities  in  granting  mining  privileges, 
but  under  the  terms  of  the  mandate  foreign  enterprises  are  accorded  identically 
the  same  rights  and  privileges  as  are  British  subjects  or  natives  of  the 
country. 


IhCOLPOLATIOlJ 


Incorporation  as  a  general  requirement  is  not  imposed  upon  concession 
holders.,  but  a  concessionaire  may  be  instructed  to  incorporate  as  a  condition 
of  his  concession.  A  number  of  recently  granted  concessions  v;ere  subject  to 
special  ordinances,  which  provided  for  incorporation  and  for  the  investment  of 
a  specific  minimiim  of  capital,”^ 

4  knabenshue,  P. ,  American  consul  g;eneral,  Jemsalem,  The  Mining  Laws  in 
Palestine:  Consular  Hept.,  Mar.  25,  I93I,  State  Department  file 
800. 63/933  288).  (Data  furnished  by  H.  Gordan  Minnegerode,  as 

stated  in  the  Foreword.) 
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CIASSUICATIOil  OP  MIPSUALS*"’ 

Minerals  in  Palestine,  for  the  poirpose  of  the  mining-  laT7s,  are  defined 
as  "all  materials  of  economic  va-lue  forming  part  of  or  derived  naturall;;.’'  from 
the  crij-st  of  the  eerth,  including  mineral  oil,*^  pitch,  asphalt,  and  netiiral 
gas,  hat  not  ndnerals  in  solution,  or  peat,  trees,  timber,  and  simila^r  lands 
forest  prodiice,  or  the  materials  defined  in  article  1  of  the  Ottoman  Lav/  of 
Qparries,  dated  J-oly  2,  1901."  In  general,  minerals  e,re  classed  as  non¬ 
precious  and  precious. 


1,  llonprecious  minerals  include  all  minerals  e;:cept  precious 
minerals. 

2,  Precious  minerals  include  precious  stones,  precious  metals, 
and  the  ores  of  precious  metals, 

(a)  Precious  stones  include  diajaonds,  rubies,  sapphires, 
emeralds,  and  such  other  stones  as  the  High  Commissioner  may, 
by  proclamation  published  in  the  Official  Cazette,  declare  to 
be  precious  stones, 

(b)  Precious  metahs  include  platinimn,  gold,  silver,  and 
such  other  metals  as  the  Eij^i  Commissioner  may,  by  proclama¬ 
tion  published  in  the  Official  Oasette,  declare  to  be  precious 
metals. 

(c)  "llo  ore  shall  be  deemed  to  be  a  precious  mineral  uni- 
less  there  be  present  in  the  ore  such  proportion  of  precious 
metal  cr  metals  as  v/ould  enable  the  ore  in  bulk  to  be  mined 
in  payable  quantities  apart  from  the  proceeds  realized  by  the 
extraction  of  any  other  mineral  substance." 

Om^lERSHIP 

Land 

No  distinction  is  ma,de  between  the  ownership  of  the  soil  and  tliat  of  the 
subsoil  unless  it  is  made  in  a  legal  agreement.  TIxe  owner  of  the  surface 
land,  ■ionless  he  be  the  holder  himself  of  a  right  from  the  Government,  may 
not  prevent  prospecting,  exploring,  or  mininc'^  upon  his  land.  The  law  (sec. 

1,  art.  6,  min.  ord. ,  1925)  reads: 

5  Sec.  (i)  to  (n) ,  art.  2,  min.  ord.,  1925. 

6  "Oil"  means  mineral  oil  and  ircludes  natural  gas.  (Sec.  (s),  art.  2, 

min.  ord.,  1925. 
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llo  prospecting  or  e^lorc^tion  permit  or  prospecting  or  pros¬ 
pecting  oil  licence,  mining,  right ,  mining  or  mining  oil  lease  sliall 
he  granted  with  respect  to  land  other  tlian  public  lands  except  with 
the  consent  of  the  owner  of  such  land  if  such  land  he  not  leased 
for  a  period  exceeding  three  years,  or  with  the  consent  of  the  oTjn- 
er  and  lessee  of  such  la-nd  if,  the  la,nd  he  so  leased;  provided  that 
if  such  consent  he  not  given  within  one  month  of  application  there¬ 
for  being  made  by  the  controller,  and  such  owner  or  lessee  is  not 
the  holder  of  or  applicant  for  an  exploration  permit,  or  of  a 
licence,  right,  or  lease  with  respect  to  the  land  in  question,  then 
a  permit,  licence,  right,  or  lease  may  he  issued  or  granted  in 
accordance  with  this  ordinejice  upon  the  applicant's  giving  such 
security  as  the  controller  shall  require  for  the  payment  of  reason¬ 
able  compensation  for  the  damage  that  may  he  done  in  the  course  of 
the  mining  operations  so  authorized. 

Sections  1  and  2,  article  3^*  mining  ordinance,  1925,  provide: 

If  ary  part  of  the  land  with  respect  to  VYhich  application 
for  a  mining  right  or  mining  or  mining  oil  lease  is  made  is  mulk' 
land  or  tr'ae  wahf,®  such  right  or  mining  lease  shall  not  he  granted 
with  respect  to  such  part  save  with  the  consent  of  the  owner  in  re¬ 
gard  to  mulli  land,  or  the  competent  authority  in  regard  to  true 
wakf . 


Provided  that,  if  consent  he  withheld  and  if  in  the  opinion 
of  the  High  Commissioner  it  is  in  the  public  interest  that  mining 
should  proceed,  the  High  Commissioner  may  grant  such  right  or  lease 
as  though  consent  had  not  been  withheld.  The  person  or  authority 
whose  consent  is  dispensed  with  shall  have  a  right  to  compensation 
payable  by  the  holder  of  the  mining  right  or  the  mining  lease  and 
assessed  on  the  basis  of  indemnity  for  the  damage  caused.  The 
amount  of  such  compensation  shall,  in  default  of  agreement,  be  de¬ 
termined  by  arbitration  in  the  manner  prescribed.  Provided  further 
that  four-fifths  of  the  royalty,  other  ol.an  any  additional  royalty 
payable  under  the  following  section,  with  respect  to  the  minerals 
won  or  raised  from  land  being  mullc  of  true  wakf  siaall  be  paid  to 
the  owner  of  such  land  or  the  competent  authority  as  the  case  may 
be. 

Mining  shall  be  considered  to  be  a  "public  purpose"  within  the  meaning  of 
aiy  l8-w  or  ordinance  relative  to  the  expropriation  of  land  for  public  purposes. 
(Ai't.  8,  min.  ord. ,  1925.)  See,  for  further  statements  concerning  the  right 
of  the  High  Commissioner  toy  expropriate  land  for  mining  purposes,  article  43, 
mining  ordinance,  1925, 


7  &  3  For  definition,  see  a  following  paragraph. 
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’’Fee-simple"  ovTnership  of  land  in  Palestine  is  not  laaown.  Tlie  law 
differentiates  between  "nralk"  (freehold),  ’’miri"  (leasehold),  "chiftlik’’ 
(State  domain),  and  "wakf."  Mulk,  which  includes  all  tne  urban  la,nd,  and 
which  cau  be  disposed  of  as  chattels,  most  nearly  corresponds  to  what  in  the 
United  States  is  known  as  freehold.  Miri,  which  includes  practically  all 
rural  land,  is  not  subject  to  disposition  by  testament  but  devolves  according 
to  a  special  law.  Chiftlik,  or  State  domain,  comprises  a  large  part  of  the 
land  in  Palestine,  The  "fellahin"  (land  cultiva-tors  in  possession  of  ff'ji.ch 
land)  are  entitled  to  the  rights  of  cultivation  but  not  of  ownership.  Wakf 
is  a  grant  or  dedication  of  land  in  trust  for  a  religious  prarpose. 

i 

Minerals  • 


Minerals  obtained  by  mining  belong  to  the  holder  of  the  mining  right  or 
lease,  subject  to  certain  rents  and  royalties.  Minerals  raised  or  obtained  in 
the  course. of  prospecting  or  exploring  are  the  property  of  the  Government  of 
Palestine. 

If  the  holder  of  a  prospecting  license  or  of  a  prospecting  oil  license 
shall  desire  to  dispose  of  any  minerals  raised  or  obtained  in  the  course  of 
prospecting,  he  shall  make  application  to  the  Controller  of  Mines  in  the  pre¬ 
scribed  marmer;  if  the  controller  is  satisfied  that  the  prospector  has  been 
conducting  only  such  work  as  is  reasonably  necessary  to  enable  him  to  test  the 
mineral-bearing  qualities  of  the  land, -he  may  authorize  the  applicant  to  re¬ 
tain  and  dispose  of  the  minerals  upon  payment  of  the  prescribed  royalties. 
(Art.  25,  min.  ord. ,  1925.) 


MIUING  AUTHORITIES 

The  British  High  Commissioner  is  given  power  to  appoint  an  officer  to  be 
styled  "controller  of  mines"  and  such  other  officers  as  may  be  necessary  for 
carrying  into  effect  the  provisions  of  the  law.  Tiie  office  of  controller  of 
mines  may,  if  the  High  Commissioner  so  r^rles,  be  combined  with  another  Govern¬ 
ment  office.  "Director"  means  the  director  of  the  department  or  other  officer 
of  the  Government  ciiarged  with  the  administration  of  the  mining  ordinances, 
(Art,  2  and  4,  min.  ord.,  1925.) 

The  controller  of  mines  grants  prospecting  and  exploring  permits  and 
licenses  and  certificates  of  discovery.  He  loas  power  to  grant  a  permit  or 
license  for  the  full  area  requested,  to  -grant  it  for  a  smaller  area  tlian  that 
requested,  or  to  refuse  it  outright,  if  in  his  judgLuent  the  applicant  is  not 
eligible.  (Art.  9,  12,  16,  17,  21,  and  28,  min.  ord.,  1925.) 

The  High  Commissioner,  or  an  officer  designated  by  him,  grants  mining 
rights  or  mining  leases.  He  may  refuse  an  application,  or  he  may  grant  it 
for  the  full  area  or  for  a  part  of  the  area  requested.  (Art.  29,  3^»  32* 
and  33 »  ord.,  1925.) 
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The  Commissioner,  hy  notice  in  the  Official  Gazette,  may  declare 

any  area  closed  to  prospecting  or  exploring  for  either  a  specified  or  an  un¬ 
limited  period.  (Art.  5,  min.  ord.,'1925.)  The  only  restriction,  seemingly, 
placed  upon  the  mining  authorities  is  that  they  sliall  not  discriminate  upon 
the  grounds  of  nationality.  ^ 

According  to  subsection  (b),  section  2,  article  6,  mining  ordinance, 

1925,  in  every  prospecting  or  exploring  permit,  prospecting  or  prospecting  oil 
license,  mining  right,  mining  or  mining  oil  lease  there  is  implied — 

A  reservation  to  the  High  Commissioner  of  all  his  powers  to 
enter  into  and  upon,  and  to  grant  to  any  person  or  persons  whomso¬ 
ever  liberty  tc  enter  into  or  upon,  the  said  lands  for  all  and 
every  purpose  other  than  those  for  which  the  permit,  license,  right, 
or  lease  has  been  granted,  and  particularly  (and  without  in  any  way 
qualifying  such  general  power  or  liberty)  to  make  or  lead  on,  over, 
or  through  the  said  lands,  such  roads,  tramways,  railways,  telephone 
and  telegraph  lines  and  pipe  lines  as  shall  be  considered  necessary 
and  expedient  for  any  purpose,  and  to  obtain  from  and  out  of  the 
lands  comprised  in  such  permit,  license,  right,  or  lease,  such 
stones,  timber,  or  other  inaterials  as  may  be  necessary  or  requisite 
for  making,  repairing,  or  maintaining  such  roads,  tramways,  railways, 
telephone  and  telegraph  lines,  electric  cables  and  pipe  lines,  or 
for  any  other  purpose,  and  to  pass  and  repass  over  and  along  the 
said  lands  and  such  roads,  tramways,  railways,  and  pipe  lines  for 
all  purposes  as  occasion  shall  require,  and  subject  to  such  abate¬ 
ment  of  rent  or  payment  of  compensation  as  may,  in  default  of  agree¬ 
ment,  be  determined  by  arbitration  in  the  manner  prescribed. 

APPEALS 

Any  person  aggrieved  by  the  refusal  of  the  controller  to  grant 
a  permit  or  license  or  a  renewal  thereof  or  to  consent  to  its  trans¬ 
fer  or  by  the  decision  of  the  controller  to  cancel  a  permit  or 
license  ....  muy  in  the  manner  prescribed  appeal  to  the  High 
'  Commissioner,  whose  decision  shall  be  final. 

Fnenever  a  right  of  appeal  is  provided,  the  person  aggrieved 
by  the  decision  of  the  controller  may  require  the  controller  to 
state  the  grounds  of  the  decision  in  writing  and  may  lodge  an  appeal 
in  writing  with  the  High  Commissioner  v;ithin  15  days  of  being  fur¬ 
nished  with  the  grounds  of  the  decision.  A  decision  on  appeal  may 
be  given  on  the  documents  or  after  hearing  the  appellant  and  other 
persons.  The  High  Commissioner  iiiay  refer  the  appeal  ibr  hearing  or 
for  report  to  the  attorney  general.  (Art.  23,  min.  ord. ,  1925.) 
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The  controller  has  jurisdiction  in  all  suits  concerning  any  ri^its 
claimed  in,  under,  or  rith  relation  to  permits,  licenses,  rights,  or  leases, 
or  any  advantage  thereof  or  liability  thereunder,  other  than  the  liability  to 
any  penalty  or  suits  concerning  any  contract  uith  respect  to  permits,  licenses, 
rights,  or  leases.  This  jurisdiction  extends  tc  suits  in  which  the  litigants 
(or  one  of  them)  are  holders  of  a  permit,  license,  right,  or  lease,  or  are 
owners  or  occupiers  of  the  land  comprised  thereunder.  The  decision  of  the  con¬ 
troller  need  not  he  formally  drawn  up  hut  nrast  he  recorded.  The  controller 
may,  as  the  result  of  a  suit,  cause  minerals  to  he  sunmarily  seized  and  de¬ 
livered  to  the  person  .entitled  to  them.  Appeal  from  the  controller's  decision 
may  he  made  to  the  supreme  court. 

Any  litigant,  instead  of  bringing  suit  before  the  controller,  may  take 
the  case  to  ar^  of  the  ordinary  courts  of  the  land;  hut  the  court  iiiay,  upon 
the  application  of  the  defendant  or  defendants,  direct  that  the  suit  he  heard 

by  the  controller.  (Art.  87  to  92,  min.  ord. ,  1925.) 

\ 

PHOSPECTING,  EXPLORIl'IG,  DISCOVERY,  ADD  MIEIITG 

General 


Prospecting  includes  all  operations  connected  with  the  search  for  minerals 
and  reasonably  necessary  to  enable  the  prospector  to  test  the  mineral-hearing 
qualities  of  the  land.  (Art.  2,  min.  ord.,  1925.) 

Exploring  means  the  conducting  of  a  geological  survey  to  ascertain  the 
probable  presence  or  absence  of  minerals  or  other  informs-tion  as  to  the  nature 
and  structure  of  the  earth's  crust  and  the  distribution  of  surface  and  under¬ 
ground  water.  (Art.  2,  min.  ord.,  1925.) 

Mining  includes  all  acts  reasonably  necessary  for  the  working,  winning, 
getting,  and  raising  of  minereJs  to  the  surface  and  transporting  them  for  the 
purposes  of  refinery  or  storage,  (Art.  2,  min.  ord.,  1925.) 

Rights  issued  ’mder  the  Palestine  Government  are  classed  as  prospecting 
permits,  exploring  permits,  prospecting  licenses,  prospecting  oil  licenses, 
mining  rights,  mining  leases,  and  mining  oil  leases,  and  others,  each  of  which 
is  discussed  separately. 


G 

Prospecting  and  Exploring^ 

Prospecting  Permits 

A  prospecting  permit  piay  be  limited  or  unlimited  with  r€^gard'  both,  to  the 
area  over  which  and  the  minerals  for  which  the  holder  may  prospect.  It  slmll 
not  confer  any  exclusive  right  upon  the  holder  with  .respect  .-either  to  the  area 
or  the  minerals.  Eo  prospecting  periuit  shall  confer  the  right  to  prospect 
for  oil, 

9  Art.  9  to  27,  min.  ord.,  1925;  ant.  1  to  28,  reg. — min,  ord.,  1925. 


-  7  - 


9912 


I. C. 6534 


c 


A-pplication.-  The  applicant,  who  must  state  Tiis  'name  and  address  within 
the  territory  of  Palestine  and  that  of  his  principal  (if  any),  shall  apply 'in 
person  at  the  office  of  the  Mines  Branch.  The  applicant  must  state  the  area 
over  which  and  the  minerals  for  which  he  intends'  to  phospect, 

Q.ualifications.-  A  permit  shall  not  he  granted  to':  any  person  not  able 
to  read;  any  person  under  18  years  of  age;  any  person  that  has  been  convicted 
of  an  offence  against  the  mining  ordinance  or  that  has  forfeited  a  previous 
right  under  a  permit,  license,  right,  or  lease 'by  reason  of  a  breach  of 'the 
terms  or  conditions  of  that  right;  of  any  person  not  able  to  prove  financial 
competency.  A  sworn  declaration  as  to  age 'and  nationality  may  be  required. 

Limitations .-  E::cept  with  the  special  permission  of  the  controller,  a 
permit  holder  sliall  not  dig  trenches  more  than  2  meters  deep  or  sink  shafts 
more  than  10  meters  deep.  He  shall  not  drill  or  take  anj’-  other  steps  liaving 
as  an  object  or  direct  result  the  winning  of  minerals.  A 'prospecting  permit 
is  not  transferable, 

\  • 

Duration.-  A  prospecting  permit  is  issu.ed  for  one  year  but  may  be  renewed, 
at  the  discretion  of  the  controller,  for  an  indefinite  number  of  times,  rmder 
prescribed  conditions. 

Exploration  Permits 

An  exploring  permit  is  limited  as  to  the  area  to  be  covered.  It  carries 
with  it  the  exclusive  right  to  the  holder  thereof  to  explore  the  area  com¬ 
prised  in  the  permit  and  (subject  to  certain  conditions)  preferential  and  ex¬ 
clusive  right  to  obtain  a  prospecting  or  prospecting  oil  license  over  portions 
selected  by  him,  which  shall  not  exceed  4  per  cent  of  the  area  'explored  in 
the  case  of  oil,  1  per  cent  in  the  case  of  the  nonprecious  minerals  other 
tiian  oil,  and  one-loalf  of  1  per  cent  in  the  case  of  the  precious  minerals. 

The  total  perimeter  of 'the  portions  (which  sliall  be  rectangular  in  shape) 
shall  not  exceed  twice  the  perimeter  'of  a  square  of  the  same  superficial  area 
as  the  portions. 

Application.-  An  applica-tion  for  an  eiq^loration  permit  is  made  'in 
practically  the  same  wa^'’  as  one  for  a  prospecting  permit.  In  addition  to 
stating  the  area  he  wishes  to  explore,  the  applicant  must  state  the  names  and 
the  qualifications  of  the  geologists  and  experts  he  is  prepared  to  employ. 

Q.ualifications.-  An  exploration  permit  may  be  granted  to  any  person  that 
is  able  to  produce  satisfactory  evidence  that  he  possesses  or  commands  suffi¬ 
cient  working  capital  and  technical  knowledge  or  assistance  to  insure  proper 
and  adeq'uate  e::q)loration  and  that  v/ill  agree  to  under tal:e  a  geological  and 
mineral  Purvey  of  the  area  to  be  exploded. 

Size  of  area.-  The  area  comprised  in  an  exploration  permit  shall  not 
exceed  500  square  kilometers. 
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Duration,-  The  term  of  an  exploration  permit  shall  not  exceed  tro 


years. 


Duties The  holder  of  an  exploration  permit  sloall  employ  competent 
geological  s’.irveyors  and  other  experts  (approved  hy  the  controller),  Vvho  shall 
make  the  surveys  directed  by  the  controller  a.nd  furnish  him  vrith  such  reports, 
information,  maps,  plans,  diagrams,  specimens,  analyses,  et  cetera,  as  he  may 
request. 


Prospecting  Licenses 
(Other  than  Oil  Licenses) 

A  prospecting  license  is  issued  for  a  definite  area,  which  the  applicant 
must  identify,  and  for  certain  minerals,  which  the  applicant  must  name.  A 
prospecting  license  confers  upon  the  holder  thereof  the  exclusive  right  to 
prospect  the  area  mentioned  in  the  license  during  a  period  not  exceeding  the 
maximum  prescribed  for  such  mineral  or  minerals  (other  than  oil),  as  sliall  be 
stated  in  the  license. 

Application.-  An  application  for  a  prospecting  license  must  be  made  in 
person  at  the  office  of  the  Mines  Branch. 

Qualifications .-  The  qualifications  for  holders  of  prospecting  licenses 
are  the  same  as  those  for  holders  of  permits;  for  only  those  holding  prospect¬ 
ing  or  exploring  permits  may  apply  for  licenses.  (Art.  16  and  17,  min.  ord. , 
1925.) 

Article  20  of  the  reg^ulations — mining  ordinance  of  1925 — says: 

If  the  whole  or  a  part  of  such  area  (for  which  a  prospecting 
license  is  sought)  is  owned  or  occupied  by  a  private  person,  the 
applicant  shall  produce  evidence  to  the  satisfaction  of  the  con¬ 
troller  tiiat  the  applicant  either  himself  or  through  his  agent 
has  prospected  the  area  or  the  part  thereof  in  question  for  the 
mineral  or  minerals  in  question  with  the  consent  of  the  said  owner 
or  holder  of  surface  rights,  or  that  such  area  or  part  thereof  has 
not  been  prospected  and  the  consent  of  the  owner  or  holder  of  s’ur- 
face  rights  in  question  or  his  representatives  has  been  obtained 
by  the  applicant,  as  required  by  section  6  of  the  ordinance. 

If  the  applicant  is  not  in  a  position  to  prove  either  of  the 
alternatives  set  out  in  the  preceding  regirlation,!  a  prospecting 
or  prospecting  oil  license  shall  not  be  issued  in  respect  to  the 
area  privately  owned  or  occupied  ijinless  and  until  it  appears  tl'.at 
the  owner  or  holder  of  surface  ri^ts  is  not  prospecting  and  is 
not  prepared  to  prospect  the  area  himself  or  by  his  agents  in  a 
manner  approved  by  the  controller,  when  a  prospecting  or  prospect¬ 
ing  oil  license  may  be  issued  to  the  applicant  on  his  giving  the 
security  required  by  section  5  of  the  ordinance. 
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In  addition,  no  application  shall  he  granted  nnleSs  the  applicant  shall — 

(a)  Produce  satisfactory  evidence  that  the  mineral  or  minerals  for 

which  application  is  made  esist  in  the  area  applied  for* 

(h)  Shall  have  beaconed  such  area  in  the  prescribed  manner 

prior  .to  making  his  application. 

Area.-  The  form  of  an  area  granted  by  a  license  shall,  as  far  as  possible, 
be  rectangular,  and  the  shorter  sides  shall  not  be  less  than  one- third  of  the 
longer  sides.  .  .  - 

Kicept  when  the  applicant  is  the  holder  of  an  exploration  permit,  the 
size  of.  an  area  shall  not  exceed  20  hectares  in  the  case  of  precious  minerals 
or  50  hectares  in  the  case  of  nonprecious  minerals  other  than  oil. 

Duration.-  A  prospecting  license  shall  be  issued  for  not  less  than  1  year 
nor  more  than  5;  if  granted  for  lees  thina  5  years,  it  may  be  renewed  at  the 
discretion  of  the  controller  to  a  rcaximaan  of  5  years. 

Notifications  and  records.-  A  licensee  shall  notify  the  controller  of 
the  position  of  any  proposed  borehole  or  shaft  and  submit  a  plan  thereof.  He 
siiall  keep  an  accurate  record  of  every  borehole  or  shaft  sunk  and  hold  at  the 
disposal  of  the  controller  representative  samples  of  minerals  taken  from  each. 

Prospecting  Oil  Licenses 

A  prospectiiig  oil  license  is  granted  for  a  definite,  explored  area,  'named 
in  the  license.  It  gives  the  holder  thereof  the  exclusive  right  of  prospect¬ 
ing  within  the  prescribed  area. 

Application.-  An  application  for  a  prospecting  oil  license  is  made  in 
person  by  tie  applicant  to  the  Mines  Branch. 

Q.ualifica.tions.-  The  controller  may  grant  a  prospecting  oil  license  to 
any  person  able  to  prove  that  a  satisfactory  geological  survey  of  the  area  in 
question  has  teen  made  by  a  holder  of  an  exi^loration  permit  or  otherwise. 

(Art.  21,  min.  ord. ,  1925.) 

Area.-  Except  when  the  applicant  is  the  holder  of  an  e::ploration  permit, 
the  maximum  area  under  a  prospecting  oil  license  shall  be  2  square  kilometers. 

Duration,-  A  prospecting  oil  license  is  granted  for  a  period  of  one  year 
but  is  subject  to  renewal  at  the  discretion  of  the  controller. 

Discovery 

I 

Discovery  of  minerals  in  apparently  paying  qirantities  entitles  the  dis¬ 
coverer  to  a  certificate  of  discovery,  which  entitles  him  (and  his  successors 
and  assigns)  to  a  mining  right  or  mining  or  mining  oil  lease,  but  for  which 
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he  mast  make  application  within  one  year  from  the  date  of  the  certificate. 

If  the  holder  of  such  a  certificate  satisfies  the  controller  that  he  possesses 
or  commands  sufficient  working  capital  and  technical  knowledge  to  insure 
adequate  development  of  the  mineral  resources,  he  alone  is  entitled  to  a 
mining  ri^t  or  lease,  unless  he  should  voluntarily  waive  his  right.  (Art. 

28  and  29,  min.  ord. ,  1925.) 

Every  discoverer  is  required  to  place  a  "beacon  at  the  place  of  discovery 
(for  manner,  see  art.  29  and  30,  reg.  (A) — min.  ord.,  1925)  and  to  notify  the 
controller  (for  form  of  notification,  see  annex  to  Schedule  1,  reg.  (A) — min. 
ord,,  1925). 


Mining^Q 

Mining  Rights  and  Mining  Leases 

All  mining  privileges  are  granted  hy  either  "mining  rights"  or  "mining 
leases."  Eo  mining  right  shall  he  granted  save  in  respect  to  alluvial  minerals 
(sec.  2,  art.  y? ^  min.  ord.,  1925).  The  controller  decides  whether  the  cir¬ 
cumstances  of  a  case  require  that  mining  shall  he  carried  on  hy  virtue  of  a 
mining  right  or  a  mining  lease  (sec.  2,  art.  30*  min.  ord.,  1925). 

A  mining  right  or  a  mining  lease  is  granted  only  to  a  holder  of  a 
certificate  of  discovery  for  one  year  after  the  issxiance  of  the  certificate, 
unless  the  discoverer  waives  his  right.  Should  the  discoverer  waive  his 
right  and  another  receive  the  mining  right  or  lease,  the  Eigh  Cocmissioner 
may  impose  an  additional  royalty  and  decide  what  proportion  thereof  sliall  he 
paid  to  the  discoverer. 

Application.-  An  application  for  a  mining  right  or  lease  hy  a  discoverer 
of  minerals  shall  he  made  personally  or  hy  a  representative;  application  hy 
any  one  other  than  a  discoverer  shall  he  in  writing, 

Q.ualifi  cat  ions.-  Applicants  for  mining  rights  or  leases,  whether  holders 
of  certificates  of  discovery  or  not,  may  he  required  to  prove  that  they  possess 
or  command  sufficient  working  capital  and  technical  skill  for  the  operations 
contemplated. 

llo  person  under  the  age  of  21  years  shall  hold  directly  or  indirectly  a 
mining  right  or  lease,  except  in  a  representative  capacity.  (Art.  56,  min. 
ord.,  1925.) 


Mining  Rights^^ 

Size  of  area.-  The  area  covered  hy  a  mining  right  (granted  for  alluvial 
minerals  only)  shall  not  exceed  1  square  kilometer,  or  in  the  case  of  valley 
alluvium  1  kilometer  along  the  course  of  the  stream  and  100  meters  on  either 
side  from  the  center  of  the  stream. 

10  Art.  30  to  41,  min.  ord.,  1925;  art.  3I  to  3^.  reg.  (A) — min.  ord.,  1925. 

11  Art.  37,  min.  ord.,  1925;  art.  3I  to  3^,  reg.  (A) — min.  ord.,  1925. 


9912 


11  - 


iiC.6534  '  !'  ■  . .  ' 

^  .  .i  .... 

Duration.-  A  aining  right  aay  be'  granted  for' one  yea-r  and  may  be  renewed 
by  the  Ki^  Commissioner  for  successive  periods  of  oiie  year,  -■ 

Rights  obtained.-  A  mining  right  gives  the  exclusive  right  to  mine  with¬ 
in  the  area  granted  and  to  take  and  dispose  of  any  mineral  obtained,  upon  the 
payment  of  the  prescribed  rent  and  royalties. 

Mining  Leases^^ 

(Other  than  Oil  Leases) 

Size  of  area.-  The  total  area  for  which  a  mining  lease  may  be  granted  to 
any  one  companj’-  or  may  be  held  by  a  group  of  associated  companies  shall  not 
exceed  twice  the  maximum  area  obtainable  'mder  an  exploration  permit. 

The  area  covered  by  a  mining  lease  sliall  not  exceed  the  raachmum  over  which 
a  prospecting  license  may  he  granted  with  respect  to  the  mineral  to  be  mined, 
except  with  the  consent  of  the_Kigh  Commissioner: 

Provided  that  in  no  other  case  s'nall  the  unit  leased  be  greater  than  20 
hectares  where  precious  metals  are  concerned  or  50  hectares  where  nonprecious 
metals  are  concerned. 

Duration.-  A  mining  lease  shall  not  be  granted  for  a  period  exceeding 
30  years.  As  long  as  minerals  are  produced  in  payable  quantities,  the  lessee 
shall  have  preferential  right  to  a  renewal. 

Rights  obtained.-  Upon  the  payment  of  the  prescribed  rent  and  royalties, 
the  lessee  may  remove  and  dispose  of  the  minerals  specified  in  the  lease. 

Por  a  definite  statement  of  the  usual  rights  of  a  mining  lessee,  see  articles 
38  and  39  of  the  mining  ordinance  of  1925, 

Mining  Oil  Leases^^ 

Size  of  area.-  The  total  area  for  which  leases  shall  be  granted  to  any 
one  company  or  shall  be  held  by  a  group  of  associated  companies  shall  not  ex¬ 
ceed  twice  the  maxiimom  area  obtainable  under  an  e:rploration  permit.  (See  also 
art.  38.  min.  ord. ,  1925.) 

The  area  of  a  mining  lease  sliall  not  exceed  the  maximum  area  over  which 
a  prospecting  license  may  be  granted  in  respect  to  the  mineral  to  be  mined, ex¬ 
cept  with  the  consent  of  the  Hifh  Commissioner:  Provided  that  in  no  other 
case  shall  the  unit  leased  be  greater  tiaan  100  hectares  with  respect  to  oil, 

D^iration.-  An  oil  mining  lease  sliall  not  be  granted  for  a  period  exceeding 
30  years.  As  long  as  oil  may  be  produced  in  paying  q\iantities,  the  lessee 
shall  have  the  preferential  right  to  a  renewal  of  his  lease, 

12  Art.  38  and  39»  min.  ord.,  1925;  art,  3I  35»  I'eg*  (-A-) — min.  ord.,  1925, 

13  ilrt.  40  and  41,  min.  ord.,  1925;  art.  J,1  to  3^,  reg.  (A) — nin.  ord.,  1925. 
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Rights.-  A  raining  oil  lessee  has  the  right  to  enter  upon  the  lands 
subject  to  his  lease  and — 

(a)  To  bore,  dig,  sink,  drive,  make,  repair  and  use  all  such 
boreholes,  pits,  shafts,  drifts,  levels,  eiicavations,  waterways i-, 
and  other  works  as  may  be  necessary  or  proper  for  the  purpose  of 
searching  for  and  wiiming  oil,  subject  to  such  regulations  and 
general  directions  limiting  the  number  and  depth  of  oil  and  gas 
wells  as  may  be  prescribed  from  time  to  time  with  a  view  to  due 
conservation  and  control  of  the  oil  resources  of  the  co'cintry, 

(b)  Subject  to  the  provisions  concerning  water  rights  (see 
section  of  this  paper  entitled  ’’Miscellaneous”),  to  appropriate 
and  use  for  any  purpose  connected  with  the  borings  or  works  re¬ 
ferred  to  in  the  preceding  para,graph  the  water  under  any  of  the 
said  lands  v.that  may  be  made  available  by  such  operations  and  to 
bore  for  such  water  and  to  collect  and  impound  same  for  the  pur¬ 
pose  of  such  operations, 

(c)  To  enter  upon,  use,  and  occupy  a  sufficient  part  of  the 
said  lands  adjoining  any  borings  for  depositing  thereon  the 
products  of  the  said  borings  and  all  the  earth,  soil,  and  other 
substances  brought  to  the  surface  and  for  otherwise  carrying  on 
the  works  of  the  said  borings. 

(d)  To  refine  oil  in  and  upon  the  said  lands  whether  for 
the  purpose  of  sale  or  otherwise,  save  as  hereinafter  provided, 

(e)  To  store,  take,  lead,  pipe,  and  carry  away,  on,  under, 
or  over  the  said  land  the  crude  oil  and  refined  products  and  to 
dispose  of  the  same,  subject  to  such  conditions  as  may  be 
prescribed. 

(f)  To  erect,  set  up,  and  make  in,  upon,  and  over  the  said 
lands  houses  for  his  agents,  workmen,  and  other  employees,  sheds, 
engines,  machinery,  furnaces,  buildings,  erections,  pipe  lines, 
tramroads,  and  other  roads,  and  works  necessary  and  convenient 
for  the  effectual  working  of  the  said  borings,  diggings,  or 
works  connected  therewith. 


Surface  Leases^"^ 

The  holder  of  a  mining  or  mining  oil  lease,  for  his  mining  enterprise, 
may  obtain  the  "lease  of  the  surface  of  an  area  in  e::cess  of  the  area  comprised 
in  his  lease"  by  applying  to  the  High  Commissioner  and  by  paying  the  pre¬ 
scribed  fees.  The  lease  shall  be  effective  for  a  period  equal  to  the  une;r- 
pired  portion  of  his  mining  lease,  and  it  may  be  renewed  with  the  mining  lease* 
The  powers  of  the  High  Commissioner  to  expropriate  the  land  necessary  are  set 
forth  in  detail  in  article  43  of  the  minint'^  ordinance  of  1925. 

14  Art.  42  and  43,  min.  ord. ,  1925. 
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A3EA.S  EmiPTED  FROM  EXPLCEATIOU,  PROSPECTING,  AM)  MINBIG 

By  section  (2),  article  5,  raining  ordinance  of  1925,  the  holders  of 
permits,  licenses,  rights,  or  leases  may  not  operate  rithin: 

(a)  (i)  Any  area  that  comprises  or  is  within  100  meters  of 

a -holy  site,  encept  with  the  consent  of  the  religious  hody  in¬ 
trusted  with  its  control. 

(ii)  Anj'-  area  that  comprises  or  is  within  100  meters  of 
an  historical  site,  except  with  the  consent  of  the  director  of 
antiquities. 

(iii)  Aliy  closed  forest  area.  State  or  State-controlled 
forest,  except  with  the  consent  of  the  director  of  agriculture 
of  forests,  and  subject  to  such  conditions  as  may  he  imposed  hy 
him  for  the  protection  of  forest  produce. 

(h)  Land  situate  within  a  municipal  area  or  area  occupied 
hy  a  village,  except  with  the  consent  of  the  municipal  or  local 
authority. 

(c) .Land  reserved  for  t?ne  purpose  of  any  railway  or  situate 
within  100  meters  of  any  railway,  except  with  the  consent  of  the 
general  manager  of  the  railways. 

(d)  Land  the  site  of,  or  within  100  meters  of,  any  dam  or 
reservoir  used  for  the  purpose  of  supplying  water  to  the  public, 
or  land  the  site  of,  or  within  100  meters  of,  any  pipe  line  used 
in  connection  with  such  dam  or  reservoir,  except  with  the  con¬ 
sent  of  the  public  authority  concerned. 

(e)  Land  which  the  High  Commissioner  aiay  by  notice  declare 
to  be  closed  either  temporarily  or  permanently  to  e2:p)l oration, 
prospecting  or  mining. 

(f)  Land  over  which  an  e;:ploration  permit,  a  prospecting  or 
prospecting  oil  license,  or  mining  right  previously  granted  shall 
be  still  in  force,  except  by,  or  on  behalf  of,  the  person  to  whom 
such  permit,  license,  or  right  ha.s  been  granted. 

(g)  Land  held  under  valid  mining  leases  and  land  with 
respect  to  which  application  for  a  mining  right  or  lease  has 
been  made  until  such  applice-ticn  has  been  refused. 

(h)  Land  over  which  any  right  of  prospecting  or  mining  lias 
been  granted  or  acquired  under  the  late  Ottoman  Government,  un¬ 
less  and  until  the  High  Coaimissioner  shall  by  notice  declare 
such  land  to  be  open  to  exploration  or  prospecting. 
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Tiie  authorities  may  make  an  exception  with  respect  to  lands  covered  hy 
paragraphs  .(f) »  .(g) »,  and  (h)  by  granting  the  privileges  of  exploring,  pros¬ 
pecting,  or  mining  for  minerals  other  than  those  covered  by  existing  permits, 
if  the  interests  of  the  holders  of  the  latter  are  not  prejudiced  thereby. 
(Sec.  3»  art,  1,  min.  ord. ,  1925.) 

DAM4GES^^  '  '  '  , . •  -  .  • 

The  holding  of  a  prospecting  or  exploring  permit,  prospecting  or  pros¬ 
pecting  oil  license,  mining  right,  mining  or  mining  oil  lease  implies,  an 
obligation  upon  the  part  of  the  holder  to  compensate  the  owner  or  the 
occupier  of  the  land  for  any  damage  caused  by  exploring,  prospecting,  or 
mining  to  any  surface  rights  (created  before  or  after  the  grant  of  the 
permit,  license,  right,  or  lease).  If  the  controller  shall  decide  that 
damage  is  likely  to  be  caused,  he  may  require  the  applicant  to  give  security 
against  damage  (either  by  deposit  or  otherwise)  before  the  issuance  of  the 
permit  or  other  document.  If  such  security  is  given,  the  owner  or  occupier 
of  the  land  may  not  restrain  opera.tions. 

THAiii  SI'HR 

All  mining  interests  (including  the  rights  conferred  by  ary  perrait, 
license,  right,  or  lease)  shall  be  capable  of  being  transferred  (whether 
absolutely  or  by  way  of  charge),  or  surrendered,  or  amalgamated,  or  otherwise 
dealt  with  in  the  same  manner  as  other  interests  in  the  land,  provided  that 
every  transfer  shall  have  the  approval  of  the  director,  and  provided  that 
every  transfer  or  surrender  sliall  be  published  in  the  Official  Gazette, 

(Art.  73  and  74,  min.  ord.,  1925.) 

The  holder  of  a  mining  right  or  mining  or  surface  lease,  in  order  to 
surrender  his  right  or  lea.se,  must  gain  the  consent  of  the  Hi^  Commissioner; 
but  surrender  shall  not  relieve  the  holder  of  a  right  or  lease  from  perform¬ 
ing  the  duties  imposed  upon  him  and  due  to  be  performed  8.t  or  before  the 
date  of  surrender.  (Art.  50,  min.  ord.,  1925.) 

ABAiaOMENT 

The  holder  of,  a  prospecting  or  exploration  permit  or  of  a  prospecting  or 
prospecting  oil  license  may,  by  giving  notice,  abandon  his  prospecting  or 
exploration  area.  He  mu.s.t..uppn  abandonment,  fence  or  fill  in  all  sliafts, 
pits,  holes,  and  excavations.  (Art.  26,  min.  ord.,  1925.) 


15  Art.  6,  min.  ord.,  1925, 
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FOILFianiRE 

Failure  on  the  part  of  the  holder  to  exercise  skill  and  diligence  may 
result  in  the  cancellation  of  an  exploring  permit  (art.  14,  min.  ord. ,  1925), 
of  a  prospecting  license  (art.  18,  min.  ord.,' 1926),  or  of  a  prospecting  oil 
license  (art.  22,  min.  ord.,  1925). 

A  mining  right  or  lease  may  he  forfeited  by  order  of  the  High 
Commissioner,  under  the  following  conditions: 

1.  If  the  rent  or  the  royalty  remains  unpaid  for  six  months 
after  the  date  upon  which  it  is  due. 

2.  If  a  breach  has  occurred  in  any  of  the  covenants  of  the 
lease  (except  those  relating  to  rent,  royalties,  and  labor  condi¬ 
tions),  and  if  the  breach  continues  after  the  director  has  given 
written  notice  concerning  the  delinquency. 

3.  If  the  holder  of  a  mining  right  or  lease  is  guilty  of 
wasteful  practices  in  connection  with  the  operation  of  the  mine. 

The  Hi^i  Commissioner  is  authorized  to  use  his  discretion  in  extending 
the  period  during  which  the  defaulting  holder  of  a  mining  right  or  lease  may 
comply  with  the  conditions  of  the  right  or  lease  and  to  specify  whatever 
conditions  he  may  consider  just. 

The  High  Commissioner  must  insert  in  the  Official  Gazette  a  notice  of 
every  forfeiture  of  a  mining  right  or  lease.  Such  a  notice  is  evidence 
that  the  land  and  the  minerals  laay  be  dealt  with  as  though  no  right  or  lease 
had  every  been  granted.  (Art.  51,  min.  ord.,  1925.) 

FESS,  RENTS,  AND  HOYALTIES^^ 

Fees 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 


Issue  of  a  prospecting  permit  . 

Renewal  of  a  prospecting  permit  . 

Issue  or  surrender  of  an  exploration  permit  . 

Issue,  renewal,  or  surrender  of  a  prospecting 

license  . 

Fee  payable  per  annum  per  10  hectares  or  part 

thereof  by  holder  of  prospecting  license  . 

Issue,  renewal,  or  surrender  of  a  prospecting 

oil  license  . 

Fee  payable  per  annum  per  10  hectares  or  part 
thereof  by  the  holder  of  a  prospecting  oil  licence 

Issue  of  a  mining  right  . . . 

Renewal  of  a  mining  right  . 

Grant  or  surrender  of  a  mining  lease  . 


Egyptian 

pound'^^ 


2 


1 

5 


5 


1 


5 


1 

2 

1 

25 


16  Pt.  1,  2,  and  3*  Schedule  1,  min.  ord.,  1925. 

17  The  exchange  value  of  the  Egyptian  pound  in  1929  was  $4.98. 
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Fees  -  Continued  Egyptian 

pound 

11.  Grant  or  surrender  of  a  mining  oil  lease  .  S5 

12.  Issue,  renewal,  or  surrender  of  a  surface  lease 
granted_  under,  t.he  provisions  of  section  42  of 

the  ordinance  .  10 

13-  Issue,  renewal,  surrender,  or  enD.argement  of  a 

water  right  . . 10 

14.  Prior  to  the  heaping  .of  an  phjection  to  the 


grant  of  a  water  right ,  under  the  provisions  of 
section  67  of  the  ordinance,..- the  fee  of  LE.5  for 
each  day  of  5  hours  for  which. such  hearing  lasts 
with  a  minimum  fee.  of  such  fee  to  he  paid 

in  the  first  instance^ hy  the  objector  or  the 
person  showing  cause,  respectively,  and  ho  he 
deemed  costs  in  the  cause  . . 

15.  Trader's  licence  per  annum  ,  . .  10 

or  if  granted  after  ■  [.J'one  30  '  .  in  any 

year  . . . . . . .  5 

16.  For  permission  to  lessee  to  dispose  of  minerals 

other  than  those  specified  in  the  lease  .  2 

17.  For  permission  to  the  holder  of  a  prospecting 

permit,  prospecting  license,  prospecting  o:l 
licer^Se,  or  exploration  permit  to  remove,  re¬ 
gain,  or  dispose  of  minerals  .  2 

13.  On  withdravving  an  application  for  an  exploration 
.  permit  or  prospecting  oil  licensie,  mining  right, 

mining  or  mining  oil  lease  . . .  5 

Tiurkish 

•  ’  - 1  Q 

piaster'^ 

19.  Registration  of  any  doc’.ment  (other  ttian  a 
prospecting  or  exploi’ction  permit,  prospecting 
or  prospecting  cil  licence,  mining  right,  or 

mining  or  mining,  o.il  lease). .  50 

20.  For  search  in  legister  for  every  ho’ir  or  part 

thereof  . . . .  25 

21.  For  copy  of,  or  extract  of,  a:iy  registered  docu¬ 
ment,  per  every  .100  wcrds  . . .  10 


18  The  value  of  the  Turkish  piaster  in  1928  was  4,4  cents  in  U.  S. 


currency . 
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Rent 

trn/ms^^ 

1.  Holder  of  a  raining  right — 

Rent  payable  per  100  meters  along  the  stream 

per  annum  .  5.000 

2,  Lessee  of  a  mining  lea.se — 

(a)  In  the  case  of  a  lease  giving  the  right  to 
work  preciorrs  minerals,  for  every  hectare  or 


part  thereof  .  5.000 

(■^)  In  the  case  of  a  lease  giving  the  right  to 
work  nonprecious  metallic  minerals,  for 

every  hectare  or  part  thereof  .  5.000 

(c)  In  the  case  of  a  lease  giving  the  right  to 
work  nonprecious  nonraetallic  minerals,  for 
every  hectare  or  part  thereof  .  2.500 

3.  Lessee  of  a  mining  oil  lease — 

In  the  case  of  a  lea.se  giving  the  right  to  work 
mineral  oil,  for  every  hectare  or  part  thereof..  2.500 


Royalties 

Royalties  on  Oil  and  Natural  Gas 

(Royalty  payable  by  the  lessee  of  a  mining  oil  lease  or  of  a 
mining  lease  of  bituminous  limestones  or  shale  for  the  purpose  of 
extracting  oil.) 

1.  A  royalty  per  ton  of  the  net  crude  oil  received  into  the 
lessee's  field  storage  tanlcs  or  reservoirs  during  the  preceding 
12  months  at  the  following  rate,  that  is  to  say; 

Per. cent 


On  the  first  10,000  tons  .  5 

On  each  ton  exceeding  10,000  but  not  exceed¬ 
ing  50,000  .  7-|- 

On  each  ton  exceeding  50,000  but  not  exceed¬ 
ing  90,000  .  10 

On  each  ton  exceeding  90,000  but  not  exceed¬ 
ing  130,000  .  12| 

On  each  ton  exceeding  130,000  .  15 


Provided  always  that  in  cases  where  leases  are  obtained  by 
public  tender  the  royalty  shall  only  be  limited  by  the  highest 
tender  received. 

19  The  Standard  of  currency  from  ITovember  1,  1927,  is  the  Palestine  pound 
fL.P.),  divided  into  1,000  irai 11s  and  equivalent  in  value  to  the  pound 
sterling.  The  Statesn'^an' s  Year-Book,  I93O,  The  Macmillan  Co.,  New  York, 
p.  192. 
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For  the' purpose  of  these  retaliations  net  crude  oil  means 
crude  oil  after  ae  due  ting  rater  and  ail  foreign  su'bstances  and 
includes  any  casing-^head  gasoline  o'btained.  If  the  crude  oil 
upon  which  royalty  is  payable  is  of  more  than  one  grade,  the 
lessor  shall  be  entitled  to  receive  such  proportion  of  each 
grade  as  the  total  amount  of  that  grade  bears  to  the  whole  of 
the  oil  upon  which  royalty  is  payable. 

2,  A  royalty  of  1  piaster  per  1,000  cubic  feet  of  natural 
gas  sold  by  the  lessee  and  calculated  at  an  absolute  pressure 
of  1  atmosphere  and  at  a  temperature  of  60°  F, 

3*  option  of  the  lessor  or  lessee  the  royalties 

prescribed  by  the  two  preceding  regulations  may  be  paid  half 
yearly  on  January  1  and  the  July  1  in  respect  to  the  amount 
of  net  crude  oil  received  or  natural  gas  sold  by  the  lessee 
diiring  the  preceding  six  months,  but  so  tiiat  in  the  result  the 
agiount  of  royalty  paid  shall  not  be  less  than  that  hereinbefore 
provided,  liaving  regard  to  the  total  amoxuit  of  net  crude  oil 
received  by  the  lessee  in  anj'  bne  year. 

4.  The  lessor  may  in  respect  to  crude  oil  at  his  option 
take  a  royalty  in  kind  or  may  require  the  lessee  to  pay  its 
ecuivalent  money  value;  but  -imless  the  lessor  shall  on  or  before 

March  3I  in  nny  year  by  notice  in  writing  to  the  lessee  re¬ 
quire  the  lessee  to  pay  the  royalty  in  kind,  it  sliall  be  deemed 
that  the  I'essee  shall  be  bound  to  pay  the  equivalent  value  of  the 
royalty  in  money  as  hereinafter  provided. 

5.  The  equivalent  money  value  above  mentioned  shall  be  fixed 
on  January  1  of  each  year  by  agreement  between  the  lessor  and 
lessee,  and,  failing  agreement,  by  arbitration  as  prescribed  by 
the  ordinance;  and  in  assessing  such  value  regard  shall  be  'nad  to 
the  average  value  during  the  previous-  year  of  each  grade  of  crude 
oil  taken  at  the  field  storage  tanlc,  such  value  to  be  calculated, 
where  quotations  for  crude  oil  in  the  open  nvirket  are  not  avail¬ 
able,  by  taking  the  prices  obtainable  for  the  refined  products 
and  deducting  the  reasonable  cost  of  refining,  transport,  and 
marketing,  plus  a  profit  of  10  per  cent,  on  these  operations; 

no  other  deductions  being  allowed. 

Provided  that  during  the  first  two  years  of  the  lease  the 
royalty  per  ton’ of  net  crude  oil  may,  at  the  discretion  of  the 
lessor,  be  fixed  at  P.T,  20  per  ton  without  prejudice  to  the 
power  of  the  lessor  to  take  royalty  in  kind  during  these  years. 

Provided  further  that  the  said  rate  of  P.T. 20  per  ton  having 
been  fixed  arbitrarily  in  order  to  secure  the  advantage  of  a  fixed 
rate  during  the  said  years,  no  inference  shall  be  drawn  from  the 
amount  of  the  said  rate  in  respect  to  the  real  value  of  the  crude 
oil  or  products  thereof,  either  before  the  arbitrators  referred 
to  in  this  regulation  or  otherwise. 
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6,  Should  the  lessee  have  erected  a  refinery  for  the  treat¬ 
ment  of  crude  oil,  the  lessor  may,  if  he  lias  given  notice  as 
provided  in  this  regulation  of  his  intention  to  take  royalty  in 
kind,  take  in  lieu  thereof  quantities  of  refined  products  equiva¬ 
lent  to  the  amount  of  crude  oil  payable  by  way  of  royalty  in  kind, 
due  allowance  being  made  for  the  cost  of  refining. 

7,  If  the  lessor  has  given  notice  in  writing  of  his  intention 
to  take  all  or  part  of  the  royalty  in  kind,  the  lessee  shall,  with¬ 
in  three  months  of  the  date  from  which  the  payment  of  royalty  be¬ 
comes  due  and  on  payment  of  all  proper  charges  for  the  transport  and 
storage  of  the  oil,  provide  all  reasonable  facilities  at  his  dis¬ 
posal  to  enable  the  lessor  to  take  delivery  in  kind  at  any  point 

in  the  territory  at  his  discretion,  whether  in  the  form  of  crude 
oil  or  refined  products. 

8,  For  the  purpose  of  the  above  regulations,  when  a  company 
holds  more  than  one  mineral  oil  lease  in  Palestine,  the  royalties 
referred  to  above  shall  be  assessed  on  the  total  production  of 
the  company  from  all  leases  held  by  it,  and  when  a  company  owns  a 
controlling  interest  in  one  or  more  subsidiary  companies,  the 
total  production  of  the  controlling  and  subsidiary  companies 
shall  be  aggregated  for  this  purpose. 

The  controlling  interest  for  the  purpose  of  this  regulation 
means  not  less  than  the  holding  of  75  per  cent  of  the  issued  share 
capital  for  the  time  being  of  the  subsidiary  company. 

Royalties  on  Other  Minerals 

Precious  minerals.-  5  per  cent  of  the  product  or  the  equiva¬ 
lent  value  thereof  at  the  mine. 

Nonprecious  minerals.-  2  per  cent  of  the  product  or  the 
equivalent  value  thereof  at  the  mine. 

The  equivalent  value  shall  be  fii;ed  in  the  way  prescribed  in 
regulation  5. 

Royalties  shall  be  payable  to  the  controller  half-yearly,  in  arrears. 
Rents  with  respect  to  mining  rights  and  leases  shall  be  paid  to  the  controller 
annually,  in  advance.  Surface  rents,  under-surface  leases,  shall  be  payable 
half-yearly,  in  arrears.  (Art.  47,  min.  ord. ,  1925.) 

A  penalty  of  5  per  cent  is  placed  upon  failure  to  pay  rent  (or  any  other 
srim  payable  under  a  mining  right  or  mining  lease)  before  or  on  the  date  of 
payment;  and  a  penalty  of  an  additional  10  per  Cent  is  placed  upon  the  sum' 
due,  exclusive  of  the  5  per  cent  penalty,  if  not  paid  within  one  month  of  the 
date  for  payment.  In  case  of  further  delinquency,  the  director  may  recover 
the  sum  due  by  action  in  court.  (Art.  49,  min.  ord.,  1925.) 
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MISCSLLAi'IEOUS 

Trader's  license.-  Uo  person  shall  purchase,  trade  in,  or  receive 
precioiis  minerals  unless  he  he  the  holder  of  a  trader's  license,  in  the  form 
prescribed.  The  director  may,  at  his  discretion,  grant  or  refuse  a  trader's 
license.  Such  a  license  expires  on  ■;  •  December  3I  of  year  in  which  it 
is  granted;  it  is  not  transferable. 

The  holder  of  a  trader's  license  siiall  keep  (and  submit  to  the  director 
upon  request)  records  of  all  transactions  effected  under  the  license.  He 
shall  satisfy  himself  that  the  seller  is  authorized  to  be  in  possession  of 
such  minerals  as  he  seeks  to  dispose  of  before  purchasing,  trading  in,  or 
receiving  them.  The  licensee  shall  not  pay  any  person  in  his  employ  by  means 
6f  the  precious  minerals,  except  in  the  form  of  coins  issued  as  currency. 

(Art.  94,  min.  ord.,  1925.) 

Registration.-  Every  prospecting  or  exploring  permit,  prospecting  or 
prospecting  oil  license,  mining  right,  mining  or  raining  oil  or  surface  lease, 
or  water  right  granted,  as  well  as  every  instrument  by  or  under  which  such 
privileges  or  any  part  thereof  shall  be  transferred,  surrendered,  amalgamated, 
or  otherwise  dealt  with,  shall  be  registered  with  the  controller;  every  such 
permit,  license,  right,  lease,  or  certificate  shall  be  null  and  void  if  not 
presented  for  registration  within  one  month  of  the  date  thereof  or  of  the 
date  of  an  extension  of  time. 

The  registrant,  upon  paying  the  prescribed  fee,  will  receive  a  certificate 
of  registration. 

Every  instrxmaent  required  to  be  registered  in  the  Mines  Branch  must  be 
registered  with  the  Land  Registry  also,  (Art.  75,  rain,  ord.,  1925.) 

Extralateral  rights.-  Article  7  of  the  mining  ordinance  of  1925  provides 
that — 


The  rights  to  minerals  in  respect  to  any  area  of  land  shall 
be  limited  to  the  minerals  within  the  vertical  boundaries  of  such 
area  and  shall  not  extend  to  any  continuation  of  mineral  lodes, 
veins,  reefs,  or  beds  beyond  such  boundaries,  provided  that  the 
right  to  take  mineral  oil,  pitch,  or  asphalt  shall  not  be  affected 
by  the  fact  tliat  such  material  flows  into  the  area  from  outside 
its  limits,  and  provided  that  no  borehole  for  mineral  oil  or 
natural  gas  shall  be  drilled  within  3O  meters  of  the  boundaries  of 
the  surface  area  leased. 

Water  rights.-  Ho  proprietary  riglit  to  water  or  the  right  to  divert  water 
is  comprised  in  any  permit,  license,  right,  or  lease.  Details  with  respect  to 
the  obtaining  of  water  rights  and  the  form  of  the  application  therefor  are 
found  in  articles  64  to  72  of  the  mining  ordinance  of  1925  and  in  articles  38 
to  40  of  regulations  (B) — mining  ordinance  of  1925. 
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Regala t ory  pr ov i s i on s ^ -  The  purely  regulatory  provisions  of  mining, 
covered  in  regulations,.  (A)  and  (B)  of  the  mining .  ordinance  of  1925,  deal 
'with  the' following' suhjects :  r- Demarcating,  marking,  "beaconing,  and"  surveying 
of  areas;  water  rights;  forms  of  permits,  licenses,  leases,  rights,  and 
certificates; , 'surface-land  protection;  control  and  inspection  of  mines;  ways, 
works,  and' tiachinerj”  ventilation;  sanitation;  lighting; ■ explosives,  drilling, 
and  blasting;  employed  persons,  pxcidents;  plans;  and  mineral  returns. 

Detailed  provisions  covering  operations;  in  oil  fields  are  given  in 
•articles  78  to  118  of  regulations  ,(B)  of  the  mining  ordinance  of  1925, 


f 


9912 


1.  C.  6535 


November,  1931 


Department  of  Commerce 


UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 
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MiniUG  LA.y;S  OE  AUSTRIA^ 

2 

By  3.  P.  Youn^^nan 
PRPPATORY  UOTS 

This  paper  is  one  of  s,  series  of  digests  of  foreign  mining  legislation 
and  court  decisions  tliat  is  being  prepared  in  advance  of  a  general  report 
relative  to  the  right  of  American  citizens  to  explore  for  minerals  and  to  ovm 
and  operate  mines  in  various  foreign  countries.  This  interpretation  of  the 
mining  laws  of  Austria  was  prepared  chiefly  from  reports  made  by  American 
representatives3  at  Vienna  and  transmitted  to  the  United  States  Bureau  of 
Mines  through  the  courtesy  of  the  Department  of  State  and  of  the  Bureau  of 
Foreign  and  Domestic  Commerce. 


IliTRODUCTlOD 

Prior  to  1854  the  provincial  legislatures  in  Austria  enacted  their  own 
mining  laws.  The  confusion  that  resulted  fz-om  the  existence  of  different 
codes  when  mining  began  to  be  conducted  by  modern  methods  forced  the  drafting 
of  a  law  to  c^ver  all  minirig  operations  of  the  country.  Such  a  genera.1  law 
(allegemines  'dsterreichisches  Berggesetz)  came  into  effect  May  23 >  1854,  in 
the  old  monarchy,  v;ith  the  exception  of  Hungary,  which  had  its  own  special 
laws.  This  general  law  of  1854  is  still  the  basic  mining  la,w  for  Austria, 
although  it  has  been  amended  and  supplemented  by  a  number  of  acts. 


1  -  The  Bureau  of  Hines  will  welcome  the  reprinting  of  this  paper,  provided 

the  following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S. 
Bureau  of  Mines  Information  Circular  6535." 

2  -  Rare  metals  and  nonnetals  division,  U.  S.  Bureau  of  Mines. 

3  -  Richardson,  Gardner,  commercial  attache,  Austrian  Mining  Law:  Spec.  Rept. 

32,  Feb.  12,  1931  (made  in  answer  to  a  questionnaire  of  the  U.S.  Bureau 
of  Mines  and  approved  by  an  official  of  the  Mining  Department,  Ministry 
of  Commerce  and  Communications,  Austria). 

Groves,  H.  Lawrence,  commercial  attache.  Mining  Laws  of  Austria:  Spec. 
Rept.  26,  Nov.  9,  1928  (made  in  answer  to  a  questionnaiife  of  the  U.  S. 
Bureau  of  Mines  and  approved  by  an  official  of  the  Austrian  Mining  Depart¬ 
ment,  Dr.  Streinz) . 

Heingartner,  Robert  H. ,  consul,  Austrian  Mining  Laws:  Consular  Rept.  39'^. 
Dec.  19,  1923  (©.pproved  by  officials  of  the  Ministry  of  Commerce  and  Com¬ 
munications)  . 

Groves,  H.  Lawrence,  commercial  attache,  Austrian  Law  Favors  Oil  Exploita¬ 
tion:  Econ.  and  Trade  Notes  68,  lAar.  1,  1929. 

Pei'kins,  C.  Warwick,  vice  consul.  Prospective  Drillirig  for  Oil  and  Natural 
Gas  in  Austria:  Consular  Rept.,  Dec.  7,  1928  (approved  by  Councillor 
Franz  Aggermann,  Chief  of  the  Mining  Department,  and  by  others). 
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Hungarieji  legislation  still  applies  to  the  Province  of  Burgenland, 

Austria.  However,  no  essential  difference  exists  "between  the  mining  law  of 
Austria  e.nd  that  of  Hringary,  as  Hungary  in  1838  preGcrioed  for  itself  the 
full  text  and  decisions  of  the  G-eneral  Austrian  llining  Law. 

The  "basic  ^aw  and  its  amendiaents  are  as  follows: 

G-eneral  Austrian  Mining  Lew  (allgemeines  osterreichisches  Berggesetz) , 
iJlay  23,  1854,  State  Legislative  Bulletin  146  (R.  G.  Bl.  Hr.  146) 

Mineral  oil  and  mineral  gas  law  (Srdol-  und  Erdgasgesetz) ,  July  7,  1922, 
Pederal  Legislative  Bulletin  446  (B.  G.  Bl.  Nr.  446) 

Law  governing  drilling  discoveries  (Bohrfundgesetz) ,  Sept.  26,  1923, 

Federal  Legislative  Bulletin  535  (B.  G.  Bl.  Nr.  535) 

Mining  wage  law  (Eerg"baulohnzahlungsgesetz)  ,  May  17,  1912,  Federal 
Legislative  Bulletin  107  (R.  G.  Bl.  Nr.  107) 

General  law  governing  the  simplification  of  Federal  administration 

(allgemeines  Verwaltungsentlastungsgesetz) ,  July  21,  1925,  Federal 
Legislative  Bulletin  277  (B.  G.  Bl.  Nr.  277) 

Law  governing  the  fees  for  free  prospects  (Freischurfge"buhrengesetz) , 

May  12,  1925,  Federal  Legislative  Bulletin  160  (B.  G.  Bl.  Nr.  160) 

The  follov/ing  are  the  more  important  of  the  supplementary  laws: 

Law  governing  the  establishment  and  province  of  the  raining  authorities 
(Gesetz  u"bcr  die  Einrichtung  und  dsn  Wirkungskreis  der 
BerghehPrden) ,  July  21,  1371,  State  Legislative  Bulletin  77 
(R.  G.  Bl.  Nr.  77) 

Law  governing  operating  instructions  for  free  prospecting  (Bundes- 
gesetz  "betreffend  die  Erlassung  von  Betrie"bsvorschriften  fiir 
Freischiirfe) ,  Oct.  20,  1921,  Federal  Legislative  Bulletin  587 
(B.  G.  Bl.  Nr.  537) 

Law  governing  the  esta"blishiraent  of  a  social  welface  fund  for  miners 

(Bundesgesetz  "betreffend.  die  Errichtung  eines  Eerg"baufursorgefonds) , 
Dec.  3»  1925,  Federal  Legislative  Bulletin  432  (B.  G.  Bl.  Nr.  432) 

General  mining  -oclice  reguD-ations  (allgemeine  Bergpolizeiverordung) , 

Aug.  26.,  1928,  Federal  Legislative  Bulletin  238  (B.  G.  Bl.  Nr.  238) 

Law  governing  the  employment  of  v/omen  and  children  and  the  working 
hours  in  mines  (Bcrgar"beitergesetz) ,  July  28,  1919,  Federal 
Legislative  Bulletin  406  (S.  G.  Bl.  Nr.  406) 

I 
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The  mineral  wealth  of  Austria  has  not  been  exhausted.  The  following 
table,  giving  uroduction  figures  for  1929,  is  a  fair  index  of  the  importance 
of  Austria's  mineral  industry.  Petroleum,  no  production  of  which  has  been 
recorded,  is  discussed  in  a  separate  section  of  this  paper. 


Mineral  production  in  Austria  in  -1929 

Value 


Mineral 

Metric  tons 

( schillings) 

Antimony  ore 

11,290.7 

240,000 

Barite 

300.1 

7,606 

Briquettes 

420.0 

18,192 

Cement 

450,000.0 

-  -  - 

Coal  (bituminous) 

208,020.0 

6,514,502 

Lignite 

3,524,792.0 

65,145,966 

Coke  (gas-house) 

62,894.8 

-  -  - 

Copper  ore 

135,113.5 

2,706,092 

Graphite  (crude) 

25,296.1 

854,753 

Gypsum 

43,000.0 

—  —  — 

Ichthyolic  shale 

670.4 

52,962 

Iron  (manganese  content) 

1,891,381.0 

15,567,433 

Pig  iron 

458,973.0 

56,857,729 

Kaolin 

33,050.0 

-  -  - 

Lead  and  zinc  ore 

115,024.9 

2,729,571 

Lead- smelter  product 

6,569.0 

5,207,241 

Magnesite  (crude) 

438,000.0 

_  -  - 

Mineral  paints: 

Ochre 

1,071.8 

20,432 

Iron  oxide 

1,136.2 

178,624 

Metallic  quicksilver 

3.9 

81,442 

Rock  salt 

3,040.5 

_  _  _ 

Salt  brine 

^5,551,311.0 

_  _  _ 

Gold-silver  (bullion?) 

.3 

50 , 556 

Talc 

17,000.0 

-  -  - 

ij  Harris,  Ernest  L. ,  American  consul  general,  Vienna;  Consular 
Kept.,  Aug.  11,  1930,  Bureau  of  Mines  foreign  file  2919. 

2/  The  1930  exchange  value  of  the  Austrian  schilling  was  14.0891 
cents  in  U.  S.  currency. 

3./  Hectoliters. 

CLASSIFICATION 

With  the  exception  of  salt,  which  as  a  State  monopoly  is  in  a  class 
by  itself,  minerals  fall  into  but  two  classes:  (l)  "Reserved"  minerals 
( vorbehaltene  Mineralien) ,  the  disposal  of  which  belongs  exclusively  to 
the  Government;  and  (2)  "all  others,"  which  belong  to  the  owner  of  the 
surface. 

The  so-called  "reserved"  minerals  include  all  those  that  can  be  utilized 
because  of  their  content  of  metal,  sulphur,  alum,  or  sodium  chloride;  waters 
that  are  of  value  "because  of  their  metal  admixture";  graphite,  asphalt, 
mineral  oil,  mineral  gas.,  all  minerals  that  are  "technically  valuable  because 
of  their  bitumen  content,"  and  all  varieties  of  pit  coal  and  lignite. 
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The  General  Austrian  Mining  Law  reiterated  and  made  “binding  a  vital 
principle  (expressed  in  earlier  laws)  from  the  point,  of  view  of  national 
economy — that  is,  that  the  exploitation  of  mineral  resources  should  he  inde¬ 
pendent  of  and  above  property  rights.  A  certain  group  of  minerals,  there¬ 
fore,  was  reserved  t-o  the  "exclusive  right  'of  disposal  hy  the  sovereign" 

(now  the  State).,  ._Such  reserved  minerals  may  he  prospected  for  and  mined 
only  hy  the  express  authorization  of  the  Government,  in  accordance  with  the 
provisions  of  the  law.  The  "sovereign  right"  hy  which  certain  minerals  be¬ 
long  to  the  sovereign  (State)  is  called  Bergregal. 


In  order  to  prospect  on  his  own  land  for  the  "reserved"  minerals,  the 
owner  must  obtain  permission  from  the' Government ;  hut  otherwise  the  owner  of 
the  surface  land  has  the  right  of  ownership  to  the  air  column  above,  to  the 
surface  land,  and  to  the  subsoil. 


RIGHTS  OF  FOEEIGUERS 

Any  foreigner  is  on  equal  terms  with  nationals  with  respect  to  mining- 
operations  in  Austria,  provided  that  the  country  of  his  origin  grants  like 
privileges  to  Austrian  citizens.  This  principle  of  reciprocity  is  enunciated 
in  the  Civil  Code  (hUrgerliches  Gesetzhuch). 

A  nonresident  foreigner  must  hr?ve  a  legal  representative  v;ithin  Austria; 
likewise,  partnerships  or  companies  must  have  a  joint  representative  in  the  . 
country.  Foreign  stock  companies  require  an  "admission,"  in  accordance  with 
an  imperial  decree  of  Hovemher  29,  1865  (State  Legislative  Bulletin  127) 
Incorporation  of  a  foreign  company  under  the  laws  of  Austria  is  not  required. 
(See  also  section  of  this  paper  entitled  "Mining  Companies.") 

Americans  and  other  foreigners  are  not  discriminated  against  either  hy 
law  or  hy  factors  outside  of  the  law;  on  the  contrary,  foreign  initiative 
in  the  mining  field  is  encouraged  hy  the  Austrian  Government,  which  is 
anxious  further  to  develop  Austria’s  natural  resources.  Labor  laws,  affect¬ 
ing  foreigners  and  nationals  alike,  are  more  exacting  and  burdensome  to.  the.',, 
mining  industry  than  they  are  to’  other  industries.  At  this  time  the  heavy 
expenses  in  connection  with  old-age  insurance  (approximately  5  per  cent  of.:  ^ 
the  pay  roll)  must  he  borne  hy  the  mining  operators,  as  the  special  funds 
(Bruderladen)  from  which  this  insurance  was  paid  formerly  were  lost  through 
the  depreciation  of  the  currency.  The  total  cost  to  the  employer  for  welfare 
purposes  has  been  estimated  at  25  per  cent  of  the  average  pay  roll.  (See 
also  section  of  this  paper  entitled  "Workmen's  Insurance.") 

r 

Neither  the  law  nor  the  Government  specifies  that  a  certain  percentage 
of  ownership  in  mining  enterprises  must  he  in  the  hands  of  nationals. 

MINING  AUTHORITIES 

The  mining  authority  of  the  Austrian  Republic  is  the  Mining  Department, 
Ministry  of  Commerce  and  Communications;^  in  some  circumstances  the  Ministry 


4  -  Groves,  H.  Lawrence,  and  Heingartner,  Rohort  H.  ’.’..'orks  cited. 
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of  Finance  serves  as  a  final  court  of  appeal.  Seven  district  mining  "boards 
(RevierlDerg^ter)  form  subordinate  administrative  authorities,  located  at 
St.  Pblten,  for  Lower  Austria;  Weis,  for  Upper  Austria  and  Salz"burg;  Leo"ben 
and  Graz,  for  Styria;  Klaienfurt,  for  Carinthia;  Hall,  for  Tirol  and 
■Vorarl"berg;  and  Sauerhrunn,  for  Burgenland. 

A  Revier'bergamt  grants  "both  prospecting  and  mining  rights  in  its  dis¬ 
trict.  It  has  no  right  to  refuse  a  permit  or  a  renewal  thereof,  provided 
the  fees  are  paid  and  the  prescri'bed  amount  of  work  is  done.  As  this  pro¬ 
vision  of  the  law  is  much  criticised  "by  local  experts,  a  change  is  contem¬ 
plated. 

Mining  matters  are  subject  to  certain  mining  courts  of  first  instance 
(Berggerichte) ,  composed  of  special  mining  senates,  which  consist  of  judges 
and  technically  trained  advisers.  These  courts  are  located  in  the  Federal 
States:.- at  St.  Pblten  for  Lower  Austria,  at  Steyr  for  Upper  Austria,  at 
Salzburg  for  the  State  of  Salzburg;  at  Leoben  and  Graz  for  Styria;  at 
Klagenfurt  for  Carinthia;  .and  at  Innsbruck  for  Tirol  and  Vorarlberg. 

.i^ROSPECTIHG  PEMITS 

llo  prospecting  may  be  done  with  respect  to  the  "reserved"  minerals  by 
any  one  (not  even  the  surface  owner)  without  a  Government  permit.  A  pros¬ 
pecting  permit  does  not  specify  a  certain  mineral  or  minerals  but  covers  all 
"reserved"  minerals. 

The  general  permit  (allgemeine  Schurfbewilligung)  does  not  grant  an 
exclusive  right,  as  more  than  one"  permit  may  be  issued  for  the  same  area. 

An  exclusive  ri^t  may  be  obtained  by  the  registration  of  what  is  termed 
"Freischurf , "  or  "free  prospect,"  which  is  the' rifeht  to  exclude  any  other 
prospector,  irrespective  of  prior  rights,  within  a  circular  area  having  a 
radius  of  425  meters.  Registration  consists  in  notifyir.g  the  mining  authori¬ 
ties  of  the  location  of  the  central  point,  chosen  for  operations.  The  noti¬ 
fication  must  contain  a  reference  to  a  prospecting  license  already  granted, 
or  it  must  be  accompanied  by  an  application  for  such  a  license.  It  must  be 
accompanied  also  by  documentary  proof  that  the  annual  fee  of  5  Austrian 
schillings  has  been  paid.  A  Freischurf , 'coverir^  the  same  period  for  which 
the  prospecting  permit  is  iss^aed,  and  applying  to  unlimited  depth  and  height, 
is  effective  on  the  day  upon  which  the  registration  reaches  the  authorities. 

Application. — An  application  for  a  prospecting  permit  is  made  to  the 
Revierbergamt  of  the  district  in  which  the  prospecting  is  to  be  done. 

Qualifications . — Except  that  an  applicant  for  a  permit  must  be  of  age 
(21  years  old)  end  must  possess  the  us-ual  qualifications  for  the  free  exercise 
of  civil  rights,  no  conditions  are  imposed  by  the  law. 


5  -  Richardson,  Gardner,  Work  cited. 
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Duration. — A  prospecting  license  is  Issued  for  one  year,  "but  it  may  "be 
extended  from  year  to  year. 

Area. — The  area  covered  hy  an  ordinary  prospecting  permit  is  not  defi¬ 
nitely  limited;  that  covered  hy  a  Freischurf  has  a  diameter  of  850  meters. 

Work  required. — Although  the  Austrian  law  specifies  that  a  certain 
amount  of  work  must  he  done  to  keep  a  permit  in  force,  in  view  of  the  fact 
that  the  requirements  are  exacting,  the  decision,  in  each  case,  of  the  amount 
of  work  to  he  done  has  been  left  to  the  supervising  authority  (Revierhergamt) . 
The  Austrian  Government  intends  to  modify  the  requirements  and  then  to  inforce 
its  rulings  strictly,  thereby  limiting  the  discretionary  power  of  the  local 
supervisors. 

Disposal  of  minerals. — Neither  a  general  prospecting  permit  nor  a 
Freischurf  gives  the  holder  an  ownership  claim  upon  the  minerals  within  his 
prospecting  ai’ea  or  the  right  to  mine  them.  Prospectors  desiring  to  acquire 
OTmership  of  the  "reserved”  minerals  must  apply  to  the  proper  authority  for 
a  concession  or  a  grant.  A  prospector  has  the  right  to  demand  that  the 
ownership  of  a  limited  quantity  (two  or  three  carloads)  of  minerals  found  hy 
him  in  a  deposit  he  givdn  to  him  hy  the  local  Revierhergamt.  A  prospector 
disposing  of  "reserved"  minerals  for  which  a  grant  has  not  been  given,  with¬ 
out  a  provisional  permission  from  the  mining  authorities,  is  liable  to  a 
penalty  amounting  to  the  equivalent  of  the  minerals  used  or  disposed  of. 

Exemptions. — Without  the  consent  of  the  owner  of  the  land,  prospecting  is 
not  permitted  within  dwelling  houses  or  farm  or  other  buildings;  in  hack 
gardens,  flower  gardens,  or  other  fenced-in  gardens;  or  in  cemeteries  or 
walled-in  fields.  Without  the  consent  of  the  administrative  authorities, 
prospecting  is  not  permitted  on  public  thoroughfares,  railway  tracks,  water¬ 
works,  protective  structures,  or  the  frontiers  of  the  Republic. 

MINING 

A  "Verleihung  des  Gruhenmasses"  gives  not  only  raining  rights  hut  also  the 
full  property  of  the  deposit  in  question.  This  right,  which  is  not  a  lease, 
concession,  or  grant  (in  the  general  meaning  of  such  terms),  hut  full  owner¬ 
ship,  is  given  after  an  official  inspection  has  proved  that  the  deposit  in 
question  Justifies  exploitation  and  is  given  upon  the  condition  that  mining 
actually  will  he  undertaken. 

Application. — An  application  for  a  mining  right  (made  to  the  local 
Revierhergamt)  must  he  accompanied  hy  a  detailed  map,  showing  the  exact  loca¬ 
tion  of  the  deposit. 

Priority  right . — The  law  gives  the  holder  of  a  Freischurf  the  right  to 
demand  mining  privileges  over  one  or  several  units  in  the  area  allotted  to 
him  for  prospecting  purposes,  hut  it  does  not  give,  him  priority  as  to  choice 
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of  the  size  or  the  location  of  the  units.  In  actual  practice,  a  prospector 
that  locates  deposits  of  minahle  minerals  always  succeeds  in  putting  in  the 
first  claim  for  mining  and  ownership  ri^ts  over  worthwhile  parcels. 

Duration. — A  mining  right,  being  a  property  right,  is  unlimited  as  to 

time. 


Areas. — The  unit  of  the  mining  area  is  the  "Gruhenmass, ”  which  is 
rectangular  in  form,  which  extends  to  an  unlimited  depth  and  height  (ewige 
Hohe  und  ewige  Teufe) ,  and  which  measures  45,116  square  meters.  The  shorter 
side  of  the  rectangle  must  not  he  less  than  106  meters.  (Fractions,  or 
"Uherscharen,  *'  are  those  parts  that  are  so  surrounded  hy  allocated  Gruhenmasse 
that  a  regular  unit  can  not  he  laid  into  them.) 

As  a  rule,  only  one  Gruhenmass  is  granted  in  an  open  lode.  However,  four 
double  Gruhenmasse  may  he  given  in  the  case  of  pit  coal  and  lignite  or  four 
simple  Gruhenmasse  in  the  case  of  anj’’  of  the  other  ’’reserved”  minerals.  The 
Revierhergamter  may,  and  frequently  have,  granted  more  than  the  stipulated 
number  of  units  when  local  conditions  warranted  their  doing  so.  With  respect 
to  minerals  found  on  the  surface  in  natural  deposits  or  on  old  abandoned 
burrows,  areas  as  large  as  115,000  square  meters  have  been  allowed. 

A  placer  unit  is  termed  "Tagmass."  Tagmasse  are  granted  for  "reserved" 
minerals  appearing  in  sand  banks,  in  river  beds,  in  surface  deposits,  in 
rocks  formed  by  sediments,  in  old  abandoned  pit  heaps,  and  in  "bean"  and  bog 
ores.  The  Tagmass  does  not,  as  a  rule,  extend  beyond  the  rock  itself. 

Auxiliary  rights. — "Hilfsbaue,"  or  shafts  and  by-pits,  beyond  the  limits 
of  the  allocated  field,  may  be  constructed  and  operated  only  with  the  per¬ 
mission  of  the  mining  authorities. 

"Revierstollen, "  or  adit  levels,  "mining  enterprises  whereby  an  entire 
mining  district  is  opened  by  shafts  or  whereby  operations  are  facilitated," 
may  be  constructed  and  operated  only  with  the  permission  of  the  mining 
authorities. 

Obligations  and  ria:ht5. — The  chief  obligation  of  the  holder  of  a  mining 
privilege  in  one  or  more  units  is  that  of  actually  mining  without  interrup¬ 
tion.  Another  obligation  called  a  "const ruction- guarantee  duty" 
(Bauhafthaltungspflicht)  is  that  of  safeguarding  persons  and  property.  Hon- 
compliance  with  this  duty  is  punishable  by  a  withdrawal  of  mining  rights. 
Another  duty  of  the  mine  owner  is  that  of  keeping  correct  mine  charts  and 
furnishing  statistical  data  to  the  mining  authorities. 

The  usual  mine  owner’s  rights  (based  upon  the  peculiarity  and  the 
economic  importance  of  the  mining  industry)  include  those  of  erecting  the 
necessary  buildings,  foundries,  mills,  water-power  plants,  and  watei'-supply 
systems;  building  roads,  railways,  and  bridges,  as  well  as  other  means  of 
communication;  and  practicing  all  the  handicrafts  necessary  to  mining  ouora" 
tions  in  special  workshops,  without  the  necessity  of  obtaining  a  separate 
and  special  concession  therefor. 
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TRAITSFERS 

Both,  prospecting  permits  and  mining  rights  may  he  transferred  to  other 
persons.  No  special  permission  is  required,  hut  a  notification  of  every 
transfer  must  he  sent  to  the  Revierhergamt .  A  Preischurf  may  he  transferred 
only  to  a  person* 'already  holding  a  prospecting  license  or  applying  therefor 
at  the  time  of  the  transfer. 

CANCELLATION  AND  FORFEITURE 

Public  interest  may  at  times  justify  the  cancellation  or  the  modifica¬ 
tion  of  either  a  prospecting  right  (Freischurf)  or  a  mining  right,  In  actual 
practice  cancellation  has  heen  Confined  almost  entirely  to  the  withdrawal  of 
oil  rights  when  the  owners  therof  declined  to  undertake  exploration  or 
exploitation  and  the  Government  transferred  the  rights  to  a  group  willing  to 
undertake  drilling. 

Of  course,  mining  rights  may  he  cancelled  hy  way  of  punishment  for  the 
nonfulfillment  of  obligations  on  the  part  of  the  owner  of  a  right;  hut  can¬ 
cellation  is  exceptional  and  does  not  take  place  in  a  properly  operated  mine. 

A  penalty  (500  schillings  for  the  first  offense  and  1,000  schillings 
for  a  repitition)  is  imposed  for  failure  to  comply  with  the  police  regula¬ 
tions  or  to  observe  the  safety  measTires  prescribed  by  the  mining  authorities. 
If  safety  rules  are  disregarded  in  spite  of  repeated  warnings  or  penalties, 
the  authorities  are  entitled  to  withdraw  the  license. 

RIGHTS  AND  OBLIGATIONS  OF  LANDOWNERS 

*  •  / 

Every  surface  owner  has  the  right  to  inspect  every  prospecting  permit 
covering  his  land  and  must  he  given  a  chance  to  come,  to  an  amicable  agree¬ 
ment  with  a  permittee  concerning  compensation.  But  the  landowner  may  not 
prevent  prospecting;  for  if  no  agreement  is  reached,  the  permit  holder  is 
authorized  to  apply  to  the  authorities  for  permission  to  commence  prospecting 
and  at  the  same  time  to  request  that  the  authorities  institute  proceedings 
against  the  landowner  to  compel  surrender  of  the  land.  According  to  the 
general  mining  law,  a  landowner  is  obliged  to  cede,  for  appropriate  reraciner- 
ation,  the  parcels  of  ground  required  hy  a  prospector,  provided  he  can  prove 
that  actual  prospecting  took  place  during  the  preceding  year. 

TAXES  AND  FEES 

The  regular  industrial  taxes  are  levied  upon  mining  enterprises. 

A  fee  of  5  schillings  is  collected  for  each  permit. 

Each  mining  unit  ("Mass")  is  subject  to  a  fee  (payable  semiannually) — 
usually  about  10  schillings  a  year  for  pit  coal  and  lignite  deposits  and 
about  5  schillings  a  year  for  other  "reserved"  minerals. 
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MISCELJ4AIfiJ0US 
Minin,":  Companies 

Mines  may  "be  operated  "by  several  co-ov/ners  or  ’oy  companies,  such  as 
share-holding,  companies.  A  special  form  thet  is  often  encountered  in  Austria 
is  the  "Gewerkschaft , or  mining  association,  which  is  distinguished  from  a 
share-holding  company  hy  the  fact  that  the  associates,  if  necessary,  may  he 
forced  to  give  special  assistance,  which  can  not  he  claimed  from  shareholders. 
An  associate,  however,  is  responsible  only  to  the  value  of  his  share  of  the 
assets  of  the  Gewerkschaft .  The  shares  in  mining  associations  are  termed 
'’Kuxe."  Not  more  than  128  Euxe  may  he  issued,  and  a  Kun  may  not  he  divided 
into  more  than  100  parts,  Thus  the  capital  of  an  association  may  not  he  sub¬ 
divided  into  more  than  12,800  shares,  except  under  exceptional  circumstances 
and  with  the  sanction  of  the  authorities. 

Monopolies 

Monopolistic  concessions  are  not  granted  in  Austria. 

Salt  is  under  a  State  monopoly,  according  to  the  customs  and  State 
monopoly  act  of  July  11,  1835,  whereby  all  salt,  whether  in  springs  or  in  sub¬ 
terranean  rock,  is  subject  to  a  State  monopoly;  therefore,  no  mining  claims 
for  salt  maj'-  he  granted.  The  salt  mines  of  the  State  are  subject  to  the  pro¬ 
visions  of  the  general  mining  law,  and  the  mines  and  the  plants  are  under  the 
supervision  of  the  mining  authorities.  Surface  owners’  rights  are  greater 
in  salt  mining  than  in  other  mining,  especially  with  respect  to  the  expro¬ 
priation  of  land  and  buildings. 

Mining  Registers 

At  each  mining  court  a  mining  register  is  kept  in  which  mining  rights 
are  inscribed,  with  the  same  legal  effect  as  entries  in  the  land  registers. 

Workmen*  s  Insurance 


By  virtue  of  a  law  of  July  28,  1889,  mine  employees  are  insured  against 
old  age  or  invalidity,  through  the  "Bruderladen. "  Moreover,  sickness  insur¬ 
ance  in  industrial  undertakings  applies  to  the  mining  industry.  Insurance 
for  the  members  of  miners’  families  also  exists.  Upon  the  depreciation  of 
Austria’s  currency  and  the  subsequent  depreciation  of  the  Crown  sick  fund, 
contributions  were  increased  by  legal  measures,  a  law  of  April  16,  1920,  pro¬ 
viding  that  insurance  rates  be  increased  by  supplements.  These  supplements, 
which  the  employer  must  pay,  amount  to  5  per  cent  of  wages.  The  largest 
amount  of  insurance  a  miner  was  entitled  to  receive  before  the  World  lax  was 
240  crowns  ($48).  In  December,  1923,  the  highest  amount  was  3,600,000  crowns 
($51)  for  one  man,  1,800,000  crowns  for  a  widow,  950,000  crowns  for  an 
orphan — the  amount  of  orphan  money  being  limited  so  as  to  keeo  the  total 
amount  of  insurance  paid  to  a  widow  within  the  3»S00,000  crowns  allowed  each 
miner.  An  orphan  losing  both  parents  was  receiving  1,200,000  crowns  annually. 
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The  Bruderladen  no  longer  insure  against  accidents;  therefore,  miners 
are  insured  with  the  general  insurance  companies,  ^cident  insurance  for 
miners  was  introduced  in  1919, 

Labor  Conditions 

Children  under  14  years  of  age  may  not  he  employed  in  mines.  Juvenile 
miners  under  18  years  of  age  may  he  employed  only  in  work  that  will  not  im¬ 
pair  their  physical  development.  Femaie  workers  may  he  employed  only  above 
ground.  Female  workers  of  any  age  or  juvenile  male  i^rorkers  may  not  he  em¬ 
ployed  at  night — that  is,  between  8.00  p.m.  and  5.00  a.m. 

Working  Hours 

Working  hours  are  regulated  by  a  law  of  July  28,  1919.  The  8-hour  shift 
is  the  rule.  Under  certain  special  contracts,  however,  a  longer  daily  shift 
may  he  arranged  for  on  the  basis  of  a  48-hour  week;  and  in  continuous  opera¬ 
tions  the  weekly  hours  may  exceed  48,  provided  the  total  number  of  hours  does 
not  exceed  168  within  three  weeks.  For  underground  operations  working  hours 
are  calculated  surface-to-surface. 

PETROLEUM 

Austrian  imports  of  crude  oil  and  petroleum  products  amounted  in  1927 
to  183,194  metric  tons,  valued  at  $6,767,000*  and  were  increasing  at  the  rate 
of  15  to  20  per  cent  annually.  In  order  to  reduce  this  factor  in  an  already 
highly  unfavorable  balance  of  trade  and  in  order  to  encourage  the  investment 
of  foreign  as  well  as  domestic  capital  in  the  exploitation  of  oil-bearing 
areas  in  Austria,  the  Austrian  Parliament  passed  an  act  on  January  17,  1929, 
which  provided  that  companies  boring  for  oil  or  gas  between  September  1,  1928, 
and  December  31*  1931 i  should  be  exempted  from  the  corporation  tax 
(Zorperschaftssteuer) ,  under  the  following  conditions; 

That  the  boring  and  construction  work  be  conducted  by 
Austrian  firms  and  that  the  machinery  and  other  equipment  be  of 
domestic  origin — the  use  of  machines  and  other  equipment  of 
foreign  origin  not  to  be  excluded  when  it  is  not  available  within 
the  country  or,  if  available,  only  at  much  higher  prices  or  in 
much  poorer  quality. 

That  after  the  expiration  of  two  years  from  the  date  of 
finding  oil  the  crude  petroleum  be  distilled  in  plants  within  the 
country,  in  the  form  of  either  /semimanufactured  or  finished  pro¬ 
ducts,  such  as  gasoline,  kerosene,  benzene,  gas  oil,  paraffin 
oil,  lubricating  oil,  residues,  and  crack  distillates.  (The  mere 
"taking  off"  of  benzene  and  kero$ene  or  the  application  of  a  less 
thorough  distillation  process  than  that  indicated  will  not  be 
considered  as  a  fulfillment  of  the  conditions  for  tax  exemption.) 
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That  the  exemption  from  taxation  he  for  a  maximam  period  of 
six  years  from  the  first  discovery  of  oil  on  a  commercial  scale 
by  the  company  in  question;  • 

*'**%'■  ’  *  ■* 

Petroleum  Areas 

* 

Geological,  surveys  and  test  borings  made  in  vaj.’icfus  Austrian  districts 
in  the  last  two  decades  indicate  that  the  Vienna  Basin  may  be  oil-bearing. 
This  basin,  which  is  about  125  miles  long  and  40  miles  wide,  belongs  to  the 
Alp-Carpathian  Mountain  complex.  Two— thirds  of  it  is  in  Austria,  and  one- 
third  is  in  Czechoslovakia;  it  extends  in  e,  northeast-southwest  direction 
from  Gdding  (Czechoslovakia)  to  Wiener-Neustadt  (Lower  Austria)  and  in  an 
east-west  direction  from  the  Leitha  Mountains  to  the  so-called  "Vienna 
Forest"  (Wienerwaid) •,  At  least  three  well-developed  dome  structures  exist: 

(1)  near  Zistersdoff,  on  the  slopes  of  the  Steinberg,  north  of  the  Danube; 

(2)  at  Lanzendorf,  south  of  the  Danube,  about  13  kilometers  southeast  of 
Vienna;  and  (3)  at  Schwadorf,  also  south  ,of  the  Danube,  and  about  32  kilo¬ 
meters  southeast  of  Vienna...  A  comparatively  recent  report  of  these  areas  is 
as  follows 

The  most  northern  dome  is  that  on  the  slopes  of  the  Steinberg, 
where  the  Steinberg  Naftagesellschaft  (allied  with  the  French 
Limanowa  concern)  and  the  firm  of  Eaky  liave  put  down  drillings. 

The  Nafta  Co.*s  shallow  hand  borings,  carried  to  a  depth  of  40  to 
60  meters,  yielded  traces  of  gas  and  oil  and  indicated  the  axis  of 
the  anticline  and  the  site  for  the  first  deep  well,  which  is  now 
in  progress.  Haky  had  already  commenced  a  deep  drilling  a  little 
over  a  mile  southwest  of  the  IJafta  well,  but  work  has  been  tempo¬ 
rarily  suspended  at  250  meters,  apparently  both  for  financial  rea¬ 
sons  and  with  the  object  of  awaiting  the  outcome  of  the  Nafta 
operations. 

The  Lanzendorf  and  Schwadorf  domes  are  south  of  the  Dajiube. 
Drilling, undertaken  more  than  10  years  ago  to  locate  lignite  de¬ 
posits,  encountered  strong  traces  of  oil  and  gas  at  about  600 
meters  ar.d  showed  that  the  summit  of  a  large  dome  (Lanzendorf) 
was  about  a  mile  away.  Geophysical  tests  located  the  dome  accu¬ 
rately,  and  the  Wiener  Erdol  A.-G.  is  now  drilling  a  well,  which 
has  touched  700  meters;  the  Sarmatian  formation,  where  the  oil 
horizons  are,  is  expected  at  800  meters.  In  view  of  the  prox¬ 
imity  of  the  City  of  Vienna,  with  its  millions  of  inhabitants,  it 
is  surprising  that  more  than  10  years  elapsed  before  the  discovery 
of  gas  was  followed  by  serious  operations.  The  adjoining  Schwadorf 
dome  also  is  in  the  hands  of  the  Wiener  Erdol  Co.  Further  pro¬ 
mising  dome  structures  have  been  located  at  Moosbrunn,  Wolkersdorf, 
and  Paasdorf;  and  others  are  probable  in  the  Marchfeld  area. 

7  -  Friedl,  Dr.  Karl,  Is  Oil  Likely  to  be  Found  Coi^ercially  in  Austria? : 

Pet.  Times,  vol.  22,  Ho.  560,  London,  Oct.  6,  1929,  pp.  650  and  659. 
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Southeast  of  the  Vienna  territory  lies  the  Hdngaro-Croati&n 
late  Tertiary  "basin,  of  which  only  nlargihal  portions  are  within  the 
Austrian  "border;  in  this  region  indications  of  oil  have  "been  found 
in  Bergenland  and  South  Styria.  In  the  Austrian  Alps,  oil  is  known 
to  occur  in  many  localities,  hut  only  at  two,  Weis  and  Leoprechting 
near  Taufkirchen,  has  serious  drilling  been  carried  out.  At  "Weis 
("Upper  Austria)  gas  was  discovered  in  1891,  and  150  boreholes, 
varying  in  depth  from  150  to  350  meters,  have  supplied  altogether 
90,000,000  cubic  feet  of  gas.  In  1902-03,  a  deep  drilling  was 
carried  to  a  depth  of  1,044  meters,  but  with  unsatisfactory  results, 
perhaps  owing  to  its  not  being  placed  close  to  the  center  of  the 
dome.  At  1,03?  meters  the  granite  underlying  the  basin  was  struck. 
At  Leoprechting  a  hi^ly  viscous  oil  was  encountered;  borings  in 
1925  and  1926  yielded  150  tons.  As  the  oil  was  too  thick  to  be 
exploited  by  wells,  a  shaft  was  sunk  to  work  the  sand,  which  is  on 
the  average  8  meters  in  section,  and  which  contains  40  per  cent  of 
oil.  Operations,  however,  were  abandoned  for  legal  reasons,  and 
there  has  been  no  activity  since.  . 

Farther  dome  structures  in  Upper  Austria  have  been  proved  at 
Grieskirchen,  Henhart,  Taiskirchen,  Vbcklabruck,  Bachmaning,  and 
southwest  of  the  famous  spa  Bad  Hall. 

A  symposium,  describing  conditions  with  respect  to  petroleiam  in  the 
Vienna  Basin  (both  in  Austria  and  in  its  extension  into  Czechoslovakia) 
recently  appeared. ^ 


8  -  Petroleum:  Vol.  27,  No.  6,  Berlin,  Feb.  4,  1931,  pp.  91-105. 
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MINING  lA^S  OF  ETHIOPIA  (ABYSSINIA) ^ 
By  E.  P.  YoungLian^ 


PREFATORY  NOTE 

This  paper  is  one  of  a  series  of  digests  of  foreign  mining  legislation 
and  court  decisions  that  is  being  prepared  in  advance  of  a  general  report 
relative  to  the  rights  of  Aniericazi  citizens  to  explore  for  minerals  and  to 
own  and  operate  mines  in  various  foreign  countries.  This  interpretation  of 
the  laws  of  Ethiopia  was  prepared  from  the  best  available  information  in 
Washington  and  was  checked  e.gainst  the  answers  made  by  Addison  E.  Southard, 
American  Minister  and  Consul  General,  at  Addis  Ababa,  to  a  questionnaire  of 
the  United  States  Bureau  of  Mines,  which  was  transmitted  through  the  courtesy 
of  the  State  Department. 

SOURCES  OF  LEGAL  INTORlviATION 

In  the  writing  of  this  report  access  was  had  to  the  following  legal 
documents:  Imperial  Decree  of  the 'Ethiopian  Government,  April  8,  1928  (Miazia 
1,  1920);  In^erial  Decree,  December  5,  1929  (Year  V,  No.  49);  official  notice, 
March  19,  I93I  (Yekatit  26,  1923 — Year  VII,  No.  I3);  a-nd  official  notice. 

May  21,  I93I  (Genbot  10,  1923— Year  VII,  No.  21). 

According  to  a  recent  report,^  a. new  set  of  mining  laws  and  regulations 
has  been  drafted,  but  considerable  delay  is  anticipated  before  this  new  legis¬ 
lation  will  be  officially  approved. 


INTRODUCTION 

✓ 

Ethiopia  is  generally  conceded  to  be  rich  in  minerals.  The  lack  of 
mineral  development  in  that  country  is  attributable  not  so  much  to  the  in¬ 
accessibility  of  the  deposits  as  to  political  conditions.  Ethiopia  is  the 
only  country  in  the  Continent  of  Africa  tha.t  has  maintained  its  political 
independence;  and  now  that  it  has  a  progressive  and  enlightened  ruler,  Ras 
Taffari,  hope  is  entertained  in  many  quarters  that  through  foreign  partici¬ 
pation  the  Ethiopian  mining  industry  will  develop  rapidly. 

1  The  Bureau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 

the  following  footnote  acknowledgment  is  used:  "Reprinted  from  the 
U.  S.  Bureau  of  Mines  Information  Circular  6636." 

2  Rare  metals  and  nonmetals  division,  U.  S,  Bureau  of  Mines. 

3  Southard,  Addison  E. ,  American  Minister  and  Consul  General,  Addis  Ababa, 

Ethiopian  Mining  Laws:  Consular  Rept.,  Bureau  of  Mines  foreigTi  file  71, 
State  Department  file  24540,  June  2,  I93I. 
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Political  Conditions 

Althoiigh  Taffari  (son  of  Has  Makonnen  and  ^irandnepliev?  of  Menelik)  was 
not  crowned  Euperor  imtil  October,  1930,  as  Regent  of  all  Ethiopia  and  as 
Zing  of  Shoa  (the  chief  Province),  he  has  long  been  the  virtiial  ruler.  Still 
under  40  years  of  age,  the  new  E&peror  has  set  himself  the  task  of  improving 
conditions.  Alread;;-’-  (March  IS,  I93I),  an  official  notice  has  been  promulgated 
that  sets  aside  the  authority  of  the  feudal  barons  and  makes  legal  only  the 
mining  permits  and  miring  concessions  granted  by  the  Imperial  Government. 

This  notice  is  interpreted  as  an  important  move  of  the  central  Government  to 
establish  its  power  over  all  divisions  of  the  Empire;  and  there  is  no  indica¬ 
tion  that  it  can  long  be  opposed.  The  barons  of  Ethiopia,  who  govern  the 
provincial  territories,  live  as  did  the- feudal  barons  of  Europe  1,000  years 
ago,  and  hitherto  they  have  maintained  the  attitude  tliat  the  wealth  of  the 
country  is  theirs  and  should  not  be  sliared  with  foreigners.  These  barons  as 
a  class  oppose  the  Emperor's  progressive  policies;  therefore  the  central 
Government  may  encounter  difficulty  in  protecting  foreigners  and  in  doing 
av^ay  with  past  practices,  whereby  bribery  was  rampant  and  obstacles  (mainly 
indirect  ones  such  as  progressively  increasing  taxes  or  labor  outbursts) were 
put  in  the  path  of  foreigners  attempting  to  carry  on  mining  operations. 

Among  other  political  factors  of  possible  influence  up oix  the  mining 
situation  in  Ethiopia  are  the  activities  of  the  three  European  powers  holding 
adjacent  territory.  Under  the  terms  of  the  treaty  of  December  I3,  1906,  the 
United  Kingdom,  France,  and  Italy  agreed  individually  not  to  act  in  any  way 
that  would  .be  injurious  to  one  another  with  respect  to  Ethiopian  affairs. 

Among  the  provisions  of  the  treaty  there  is  one  concerning  the  construction 
of  railroads  that  tends  to  exclude  participation  by  other  countries. 

No  expenditures  in  mining  enterprises  in  Ethiopia  should  be  made  by  a 
foreigner  until  he  has  a  written  agreement  worked  out  by  direct  negotiations 
with  the  Bmperor,  or  until  he  has  consulted  his  own  Government's  representa¬ 
tive  in  the  Empire.  In  spite  of  the  decree  of  April -8,  19^8,  mining  rights 
are  still  a  matter  of  personal  negotiation;  grants  may  or  may  not  conform  to 
that  decree.  The  Smperor  is  still,  in  fact,  the  Department  of  Mines. 

Economic  Conditions 
( Transportation)  "  ’ 

In  Ethiopia,  a  country  of  about  400,000  square  miles  of  mountainous, 
rough  land  (called  the  "Switzerland  of  Africa"),  transportation  may  afford  one 
of  the  chief  physical  problems  to  be  met  by  prospective  mine  operators  and 
investors.  Most  of  the  prospects  are  remote  from  the  capital,  and  the  only 
railroad  is  the  one  that  connects  the  capital  (Addis  Ababa)  with  Djibouti, 
a  port  in  French  Somaliland.  Even  this  railway  lies  to  the  east  of  the 
capital,  whereas  the  mineral  wealth  of  the  country  apparently  lies  mainly 
west,  southwest,  or  northwest. 

( 
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From  the  gold  and  platinum  concessions  in  the  Province  of  Beni  Shangul 
(which  lies  along  the  Sudan  frontier),  however,  metals  could  be  easily  and 
economically  shipped  to  Kumuk  and  then  transported  by  truck  and  rail  through 
the  Sudan  to  Khartum  or  Port  Sudan.  Platinum  and  gold,  in  fact,  could  be 
carried  to  Kliartum  by  airplane.^ 

Through  a  treaty,  August  2,  1928,  between  the  Ethiopian  and  the  Italian 
Governments,  Ethiopia  agreed  to  build  a  highway  from  Addis  Ababa  to  the 
frontier  of  Italian  Eritrea  (probably  to  be  built  by  Italian  interests  to  the 
account  of  Ethiopia).  Tiiat  road  would  greatly  increase  the  profitableness  of 
the  deposits  of  saltpeter  in  the  Province  of  Sellale,  especially  those  near 
Fiche,  Debra  Libanos,  and  Derra,  which  are  51,  66,  and  84  miles,  respectively, 
from  Addis  Ababa, ° 

C. 

A  motor  road  could  be  built,  it  is  said,  to  the  coast  from  a  large 
sulphur  deposit  on  the  boundary  line  between  Ethiopia  and  Eritrea.  However, 
the  difficulty  of  obtaining  native  labor  and  European  supervisors  would  be 
very  great,  as  the  district  has  one  of  the  most  trying  climates  in  the  world, 
for  it  lies  in  hot,  dry,  desert  country,  15  miles  from  water. 

Mineral  Pr oducti on 


Owing  to  the  fact  that  the  newly  established  Department  of  Mines  lacks 
sufficient  trained  personnel,  no  Ethiopian  Government  statistics  of  mineral 
production  are  compiled.  According  to  local  e2;p)orters,  the  principal  mining 
activity  in  1929  was  in  gold  and  platinum.  Gold  mining  was  partly  organized, 
but  platinum  production  was  the  result  of  only  scattered,  individual  opera¬ 
tions.  In  1929  about  5,000  ounces  of  gold  probably  was  produced,  of  which 
the  Government  received  2,000  ounces  from  the  Province  of  Beni  Shangul,  2,000 
from  the  Wollaga  district,  and  250  from  Gubba.  About  250  ounces  appeared  in 
the  Addis  Ababa  market,  for  sale  chiefly  to  foreigners.  About  500  ounces 
was  produced  in  other  parts  of  Ethiopia,  With  respect  to  platinum,  a  local 
buyer  reported  a  production  of  240  kilograms  in  1929,  The  only  other  mineral 
production  for  1929,  according  to  an  American  representative  in  Ethiopia,'^ 
was  10,000  metric  tons  of  rock  salt. 


4  Furness,  James  W.,  Exploitations  of  Mineral  Areas  in  Ethiopia:  Comm. 

Repts.,  No.  40,  Oct.  7,  1929,  p.  3O-3I. 

5  Farness,  James  W. ,  Work  cited. 

6  Robertson,  H.  P. ,  Travelling  in  Abyssinia:  Min.  Mag.,  vol.  40,  No.  6, 

London,  June,  1929,  p.  33^33^. 

7  Park,  James  L.,  American  vice  consul,  Addis  Ababa;  Consular  Rept., 

Apr.  23,  1930 1  Bureau  of  Mines  foreign  file  8955. 
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Mineral  Wealth 


The  following  miscellaneous  statements  concerning  mineral  deposits  in 
Ethiopia  are  taken  from  annur.l  reports  made  to  the  United  States  Bureau  of 
Jjlines  by  American  diplomatic  representatives  at  Addis  Ababa. 

Asbestos.-  Asbestos  is  known  to  exist,  but  comniercial  deposits  have  not 
yet  been  located. 

-  Coal.-  Large  deposits  of  coal  of  good  quality  exist  in  the  Ankober  River 
area,  of  which  Ankober  (100  miles  northeast  of  Addis  Ababa)  is  the  center. 

The  deposit  is  about  70  miles  from  the  railroad. 

Copper.-  Large  deposits  of  copper  occur  in  several  localities  in  Ethiopia. 
One  promising,  high-grade  occurrence  is  in  the  Ankober  district.  Another  rich 
deposit  lies  in  the  Harrar  district,  in  a  highly  mineralized  contact  zone, 
running  rorighly  east  and  west  from  Gildessa  to  the  Char  Char  Mountain.  Suffi¬ 
cient  prospecting  and  assaying  have  not  yet  been  done  to  determine  the  real 
value  of  these  occorrences.  The  most  promising  occurrences  are  in  the  south¬ 
western  parts,  in  the  Omo  River  district.  They  are  described  as  enormous  and 
of  high  grade,  extending  over  a  highly  mineralized  area  of  more  than  7,000 
square  miles.  Plans  were  made  in  1929  to  develop  copper  in  the  Maji  district 
(southeastern  section  of  Ethiopia),  but  the  effort  is  expected  to  fail  until 
roads  make  export  practicable  or  imtil  better  smelting  equipment  is  installed. 

Gold.-  Gold  occurs  in  many  parts  of  the  country  and  is  generally  washed 
out  from  river  sands  by  natives,  working  individually.  The  Blue  Nile,  the 
Dabus  and  its  tributaries,  the  Beni  Sliangul,  and  the  Tumat  Rivers  have  been 
mentioned.  Quartz  gold  also  is  fo^ond,  in  the  western  and  central  parts.  A 
survey  of  gold  occarrences  was  made  in  1926  in  several  provinces,  such  as 
Gojjam,  Gurage,  Shoa,  and  Wollaga,  but  the  results  were  kept  secret. 

Iron.-  Iron  occurs  in  different  parts  of  Ethiopia,  but  as  far  as  is  known 
not  in  such  quantities  as  to  warrant  its  development.  In  the  Province  of 
Tigre  the  natives  smelt  the  richer  ores  over  wood  fires. 


Limestone.-  Limestone  occurs  in  many  sections,  and  a  large  dolomite  forma¬ 
tion  is  found  in  the  Harrar  district. 


Mica.-  Mica  is  plentiful  in  many  pants  of  the  country.  The  only  reported 
production,  however,  is  that  -of  2,000  kilograms  in  1927  in  the  Harrar  district. 
Marketable  mica  has  been  reported®  in  the  Wollaga  Province,  about  250  miles 
west  of  Addis  Ababa;  in  the  Guinir  district,  200  miles  southwest  of  Dere  Daoua; 
in  the  Aossa  district,  150  miles  north  of.  Dere  Daotia;  and  an  .American  company 
at  one  time  exploited  a  mica  deposit  50  miles  south  of  Dere  Dao'ua  and  shipped 
about  6  tons  of  mica  to  London,  New  York,  and  Prague.  This  company  was  forced 
to  cease  operations  because  of  management  and  other  difficulties  peculiar  to 
Ethiopia. 

8  Robertson,  H.  P. ,  Work  cited. 
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Petroleiun.-  There  was  some  agitation  in  1920  and  1921  over  petrolenm 
concessions,  and  some  drilling  for  petroleiJm  has  been  done.  However,  no  pro¬ 
duction  has  been  reported.  Petroleum  indications  have  been  observed,  and  one 
company,  the  Asiatic  Co.,  a  subsidiary  of  the  Royal  Dutch  Shell  group,  has 
done  some  drilling.  There  is  some  belief  in  a  great  dome  of  oil  under  the 
Province  of  Harrar,  as  well  as  under  British  Somaliland,  Several  oil 
companies  are  now  engaged  in  efforts  to  obtain  a  monopoly  of  the  sale  of 
petrol eijm  products  in  the  country. 

Phosphate  rock.-  A  large  deposit  of  phosphate  rock  was  discovered  by  a 
German  prospector  about  28  miles  southeast  of  Harrar,  in  the  Arussi  country. 

It  is  said  to  be  like  the  deposits  of  Egypt,  occurring  in  a  very  dry  district. 

Platinum.-  The  platinum  output  is  believed  to  come  from  ancient  gold-mine 
dumps,  worked  about  1,000  B.  C.  It,  as  is  the  gold,  is  washed  from  sand  by 
natives.  One  concession  granted  to  an  Italian  company  is  being  e2:ploited  by 
modern  methods.  Platinum  was  reported  in  1926  to  have  been  found  on  the  banks 
of  the  Didessa  River, 

Potash.-  An  apparently  inexhaustible  deposit  of  potash,  occurring  in  the 
Assalt  salt  plain,  near  the  border  of  Eritrea,  northwest  of  Lake  Alelbad,  wasK 
worked  during  the  World  War  but  now  has  a  restricted  production.  The  deposit 
is  said  to  rival  in  size  that  of  Stassfurt,  Germany,  but  to  lack  the  great 
variety  of  sal£s  found  in  the  German  deposit.  An  Italian  company  is  working 
some  large  nitrate-of-potash  deposits  profitably. 

Rock  salt.-  The  mining  of  rock  salt  is  decreasing  because  of  the  imports 
of  salt  from  French  and  British  Somalilands.  One  very  large  deposit  occurs  in 
the  Assali  plain,  northwest  of  Lake  Alelbad.  (This  deposit  is  discolored 
with  iron.) 

Silver.-  Silver  is  said  to  be  fo'und  in  the  district  south  of  the  Baro 
River,  in  southwestern  Ethiopia,  Traces  of  silver  have  been  found  in  the  form 
of  silver  lead,  about  25  miles  south  of  Dire  Dawa,  in  the  Harrar  district, 
within  8  miles  of  the  railway.  The  deposit,  which  is  extensive,  consists  of 
galena  veins  several  inches  thick,  but  of  unknown  depth,  in  the  black  lime¬ 
stone. 

Suluhur . -  Immense  deposits  of  sulphur  occur  in  the  Harrar  district,  in 
the  region  of  the  Kawash  River,  Although  not  thoroughly  investigated,  it  has 
been  declared  to  be  one  of  the  most  wonderful  in  the  world,  consisting  of 
three  rounded,  cone-shaped  mountains,  2,000  feet  high,  of  nearly  pure  sulphur. 
The  deposit  lies  within  20  miles  of  the  railway. 

Tin.-  Several  veins  of  tin  occur  in  granite  roclcs  in  the  Harrar  district. 
Alluvial  tin,  in  encouraging  quantities,  has  been  found  in  streams  draining 
the  Char  Cliar  Mountains.  The  largest  deposits  are  in  the  Dire  Dawa  River, 
below  Harrar. 
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Tun^st^.-  Tcjigsten  is  reported  to  e;:ist,  in  interesting  quantities,  in 
the  west.ern  section.  It  is  reported  in  association,  with  tin  in  the  Harrar 
district.  After  an  experimental  exportation  of  Ethiopian  tungsten  (reported 
to  he  satisfactory)  in  1928,  no  further  production  .seems,  to  have  been  under¬ 
taken. 

The  adjoining  map  (fig.  1)  indicates  the  location  of  the  chief  mineral  . 
deposits,  as  well  as  the  route  of  the  one  railway  (between  Addis  Ababa  and 
the  coast)  and  the  territories  surrounding  Ethiopia,^ 

Recently  Reported  Concessions 

t 

tv  \ 

A  French  company  (Societe  Miniere  des  Concessions  Prasso  en  Abyssine), 
with  a  capital  of  9,000,000  francs,  is  working  alluvial  platinum  deposits  at 
Jubdo,  on  the  Birbir  River,  near  the  hea,d  waters  of  the  Blue  Rile,  about  16 
days'  trek  on  mule  back  west  of  Addis  Ababa. . 

Other  recent  concessions,  as  reported  by  Furness .are  as  follows: 

The  Deutsches  Studiensyndikat ,  of  Stuttgart,  Germany,  holds  a  concession 
from  the  Emperor  for  the  exploitation  of  all  mineral  deposits  in  100  areas, 
each  5  by  5  kilometers  square,  or  about  900  sqiiare  miles,  in  the  Province  of 
Beni  Shangul.  Gold  and  platinum  are  the  principal  minerals,  which  are  mostly 
in  the  river  beds.  Work  was  to  begin  in  the  late  fall  of  1929.. 

An  Italian  con^jany  ha's  obtained  a  concession  in  the  Provinces  of  Beni 
Shangul  and  Wollaga,  where  rich  alluvial  deposits  of  gold  and  platinmn  exist. 
The  concession  consists  of  seven  circles,  each  having  a  radius  of  5  kilometers. 
Several  of  the  areas  have  been  worked,  and  platinum  was  sold  therefrom  in 
Europe  in  1928.  A  dispute  between  the  concessionaire  and  the  Government  has 
been  placed  in  the  hands  of  arbitrators  in  Addis  Ababa.  ^  . 

A  saltpeter  concession' granted  to  a  citizen  of  Ethiopia  is  north  of  Addis 
Ababa,  in  the  districts  of  Borana,  Jamma,  Gundubret,  and  others,  in  the 
Province  of  Sellale.  In  the  ra-w  state  the  product  contains  70  per  cent  of 
potassium  nitrate,  which  increases  to  95  to -9?.^  per  cent  by  .recrystallization. 
Similar  deposits  have  been  found  at  Debra  Libanos,  Harro  Fitche,  and  Derra, 
the  most  important  being  at  Derra,  district  of  Jamma.  Copper  and  coal  have 
been  found  in  these  districts  but  have  not  been  exploited,  and  alluvial  gold 
is  known  to  exist.  The  terms  of  the  concession  allow  the  holder  to  select 
seven  different  sections  for  exploitation, •  each  of  which  is  to  have  an  area  of 
9  square  miles.  It  will  be  difficult  to  exploit  the  minerals  in  this  con¬ 
cession  profitably  ■'ontil  the  highway  between  Addis  Ababa  and  the  Eritrean 
frontier  sliall  have  been  built. 


9  ‘Robertson,  H.  P. ,  Work  cited. 

10'.' Robertson,  H.  P.,  Work  cited. 

11  Furness,  James  W. ,  Work  cited. 
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Figure  I.-  Location  of  the  chief  mineral  deposits  in  Ethiopia  (Abyssinia) 
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RIGHTS  OF  FOREIGNERS 

Foreigners  may  not,  as  a  rule,  hold  land  in  Ethiopia;  hut  Americans,  as 
well  as  other  foreigners,  are  in  theory  and  apparently  in  law  permitted  to 
explore  for  minerals  and  to  own  and  operate  mines  in  Ethiopia  on  equal  terms 
with  citizens  of  the  country.  No  restriction  so  far  lias  been  placed  upon 
capital  by  determining  that  a  certain  percentage  of  ownership  in  mines  shall 
lie.v/ith  Ethiopian  nationals. 

All  corporations  must  register  with  the  Ministry  of  Commerce,  but  no 
legal  provision  requiring  incorporation  under  local  laws  exists  at  the 
present  time. 

Although  American  citizens  do  not  enjoy  the  extraterritorial  rights  in 
Ethiopia  that  they  do  in  many  other  countries,  and  Americem  consular  juris¬ 
diction  does  not  extend  to  an  American  citizen  tliat  has  violated  Ethiopian 
law  (American  law  applying  only  when  the  violation  is  considered  a  crime 
rather  than  a  breach  of  regulations),  still  an  American  consul  may  sit  with 
the  Ethiopian  judge;  and  if  he  disagrees  with  the  decision  of  the  judge,  he 
may  appeal  to  the  Emperor,  whose  decision  is  final.  Gf  course,  the  interests 
of  an  American  citizen  may  be  further  protected  through  diplomatic  representa¬ 
tions  if  the  decision  of  the  Emperor  is  considered  a  denial  of  justice. 

OWNERSHIP 

All  mineral  substances,  except  construction  materials,  now  belong  to 
the  State.  The  decree  of  April  8,  1928,  reads; 

All  the  wealth  of  the  Ethiopian  subsoil  is  national  property, 
and  the  right  of  disposal,  therefore,  is  vdthdrawn  from  the  land- 
owner.  (Art.  1,  decree  of  Apr.  8,  1928.) 

From  the  point  of  view  of  the  application  of  the  present  de¬ 
cree,  the  following  are  considered  as  mines:  Natural  deposits  of 
mineral  substances  or  fossils,  susceptible  of  a  special  utilizatibn. 
Materials  of  construction,  which  remain  free  at  the  disposition  of 
the  landowner,  are  excepted.  (Art.  2,  decree  of  Apr.  8,  1928.) 

No  precedent  indicates  that  fee-siiip)le  ownership  is  possible.  Ethiopian 
land  laws  are  practically  nonexistent,  and  hence  questions  are  likely  to  be 
decided  arbitrarily  on  the  basis  of  immediate  expediency. 

For  the  purpose  of  conserving  the  mineral  wealth  of  the  Empire  of 
Ethiopia  and  of  guaranteeing  the  control  of  its  exportation,  a  decree  was 
passed  December  5,  1929,  with  special  reference  to  "platiniferous  and 


12  Decree  of  the  Ministry  of  the  Interior,  in  the  name  of  His  Majesty,  King 
Taffari,  Regent  Plenipotentiary  and  Heir  to  the  Throne  of  the  Empire  of 
Ethiopia,  from  Berhanena  Salam,  Addis  Ababa,  Year  V,  No.  49,  dated 
Dec.  5,  1929, 
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atiriferous  substances,  in  the  form  of  metals  and  ores," 'and  "gems  and 
precious  stones,"  whereby  "prospecting,  searching,,  excavating,  extracting,  or 
reaping  in  subterranean  as  well  as  on  surface  exploitation,"  without  an 
authorization  by  the  Department  of  Mines  of  the  Imperial  Government,  is  sub¬ 
ject  to  a  fine  of  500  to  2,000  thalers  (Maria  Theresa  thalers)^3  and  to  the. 
confiscation  of  the  products  won,  through  the  Ministry  of  the  Interior,  A 
later  notice,  dated  May  21,  1931,  v/hich  is  not  retroactive,  expressly  reserves 
to  the  Government  "all  mines  located  in  river  beds  and  lalces"  and  prohibits 
all  prospecting  and  mining  therein  by  natives  or  foreigners  (except  the  ex¬ 
tracting  of  gold  "by  peasants,"  under  the  authority  of  the  Department  of 
Mines), 

For  the  control  of  exportation,  the  decree  of  December  5,  1929,  recjuires 
an  export  customs  declaration  and  a  certificate  of  authorization  (from  the 
Bureau  of  Mines),  the  concordance  of  which  with  the  shipment  must  be  verified 
by  the  customs  officials,  who  are  required  to  stamp  the  authorization  de¬ 
livered  by  the  Bureau  of 'Mines  to  indicate  its  cancellation  whenever  shipment 
shall  have  been  made.,  A  violation  of  these  reg^olations  is  subject  to  a 
maximum  fine  of  1,500  Maria  Theresa  thalers  and  the  confiscation  of  the 
products.  Repeated  violation  within  a  period  of  one  year  will  result  in  a 
doubling  of  the  maximum  fine. 

Any  person  reporting  and  assisting  in  the  prosecution  and  conviction  of 
violators  will  be  entitled  to  a  reward  of  one-third  of  the  fines  imposed, 

AUTHORITY  • ^ 

Although  the  Department  of  Mines  is  the  legally  recognized  authority  in 
mining  matters,  and  Dr.  Robert  Hesse  (a  German  mining  engineer)  is-  the 
titular  head  thereof  (Conseiller  du  Goilvernement  Imperial  Ethiopien  Department 
des  Mines),  most  ma,tters  are  liandled  directly  by  the.  Emperor  himself,  who 
usually  makes  the  final  decisions  concerning  the  granting  of  a  lease. or  a 
concession,  and  who  is  not  necessarily  influenced  by  the  opinion  of  other 
officials.  He  generally  discusses  matters  directly  with  the  lessee  or  the 
concessionaire. 

A  recent  notice  (dated 'March  19,  1931)  is  evidence  of  the  determination 
of  the  Emperor  to  make  the  power  of  the  central  Government  supreme  with 
respect  to  the  issuing  of  all  permits.  Certain  feudal  chieftains  have  not 
fully  recognized  this  power  and  liave  issued  mining  permits  or  concessions  in 
their  own  territory,  a  practice  that  has  caused  confusion  and  loss  of  money, 
especially  to  foreigners.  The  notice  is  as  follows 

13  The  Maria  Theresa  tlialer,  or  dollar,  is  worth  currently  49  cents.  / 

14  Official  notice,  Yekatit  26,  1923  (Mar.  5,  I93I).  ,  •  • 
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The  Department  of  Mines,  hy  order  of  His  Majesty  the 
Emperor,  informs  interested  parties  that  permits  for  prospecting 
and  for  the  operation  of  mines  in  all  Ethiopian  territory  shall 
he  granted  only  hy  the  Department  of  Mines  of  the  Imperial 
Government  of  Ethiopia, 

Ally  contract  for  a  mining  concession  signed  hy  an  Ethiopian 
department  other  than  the  Department  of  Mines,  at  Addis  Ahaha, 
or  hy  a  provincial  governor  or  chief,  or  hy  a  landowner,  shall 
he  considered  null  and  void  hy  the  In^erial  Government  of 
Ethiopia,  It  is  strictly  forbidden  for  any’ one  to  enter  into 
such  contracts  or  agreements. 


PERMITS 

Prospecting  Permits 

Prospecting  is  permitted  only  to  individuals  or  companies  having  a 
permit,  or  permits,  delivered  hy  the  Ethiopian  Government.  (Art,  3,  decree 
of  Apr.  8,  1928.)  One  person  may  apply  for  several  permits  at  the  same 
time;  and  if  he  wishes  the  country  explored  hy  several  parties,  or  caravans, 
he  must  obtain  a  personal  permit  for  the  head  of  each  group.  Such  a  pemit 
must  he  shown  to  local  authorities  upon  demand,  (Art.  6,  decree  of  Apr.  8, 
1929.) 

A  prospecting  permit  does  not  carry  with  it  an  exclusive  right,  as  the 
Government  reserves  the  right  to  grant  permits  to  several  different  persons 
for  the  same  region.  (Art,  I3,  decree  of  Apr.  8,  1929.) 

Application.-  An  application  for  a  prospecting  permit  must  he  made  in 
writing  to  the  Department  of  Mines  (at  Addis  Ahaha),  which  will  acknowledge 
receipt  thereof  and  register  it,  with  the  date  of  its  filing.  Every  appli¬ 
cation  must  contain: 

1.  Hie  names,  surnames,  profession,  nationality,  and 
residence  of  the  applicant  and  of  the  representative  specifical¬ 
ly  designated;  or  if  the  applicant  is  a  company,  its  name,  its 
style  of  firm,  its  head  office,  and  full  information  concerning 
its  representatives  at  Addis  Ahaha. 

2.  Proofs  of  all  declarations  (extracts  from  the  Register 
of  Commerce,  statutes,  passports,  et  cetera). 

3.  Indication  of  the  regions  for  which  the  permit  is 
requested. 

4.  A  statement  of  the  minerals  for  which  search  is  proposed, 
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The  Government  shall  reply  to  thfe  application  within  60  days,  either  hy 
refusing  it  (stating  reasons  for  refusal  not  "being  obligatory)  or  by  remitting 
a  permit  (with  a  copy  of  the  decree  of  April  8,  1928)  upon  receipt  of  the 
required  fee.  (Art.  4  and  5,  decree  of  Apr.  8,  1928.) 

Area  covered.-  The  mining  decree  sets  no  limit  upon  the  size  of  the  area 
that  may  be  covered  by  a  permit,  but  each  permit  mus't  designate  a  definite 
area. 

Duration.-  A  permit  is  granted  for  one  year  and  is  subject  to  several 
renewals  for  the  same  period.  (Art.  7,  decree  of  Apr.  8,  1928.) 

Fee.-  A  fee  of  30  thalers  is  due  for  each'  permit  and  for  each  renewal 
thereof,  payable  upon  delivery.  (Art.  8,  decree  of  April  8,  1928.)  At 
normal  rates  of  exchange,  the  fee  would  be  equal  to  $15  in  United  States 
currency. 

Damages.-  The  owner  of  a  prospecting  permit  must  indemnify  the 
proprietor  of  the  land  for  all  damages  caused  by  his  work.  (Art.  10,  Decree 
of  April  8,  1928 . )  ;  •  ’ 

Disposal  of  minerals.-  Without  the  consent  of  the  Government ,  the  owner 
of  a, prospecting  permit  may  not  dispose  of  the  minerals  uncovered  by  his 
operations,  although  he  is  free  to  analyze  and  test  them.  Violations  of 
this  restriction  entitles  the  Government  to  claim  double  the  value  of  the 
minerals  of  which  illegal  use  has  been  made.  (Art.  11,  decree  of  Apr.  8, 
1928.) 

Lands  exempted.-  Prospecting  is  forbidden  on  public  ways  and  piiblic 
places,  on  railway  lines,  within  cemeteries,  and  within  250  meters  of 
fortified  places;  prospecting  is  forbidden  except  with  the  consent  of  the 
proprietor  of  the  surface  within  25  meters  of  houses,  churches,  stations, 
and  inclosed  grounds.  (Art.  9,  decree  of  Apr.  8,  1928.) 

Conditions  imposed.-  Every  holder  of  a  prospecting  permit  submits 
definitely  to  the  following  conditions  (art.  14,  decree  of  Apr.  8,  1928); 

1.  Not  to  disturb  the  work  of  e::ploitation  on  existing 
mining  concessions. 

2.  Not  to  permit  prospecting  to  become  exploiting  (mining). 

3.  Not  to  sell  or  cede,  even  gratuitously,  either  his  permit 
or  any  of  the  rights  and  advantages  accruing  thereto. 

4.  To  submit  to  administrative  surveillance,  especially  with 
respect  to  the  safety  of  the  worlanen,  prevention  of  accidents, 
and  like  matters. 

5.  To  bear  full  responsibility  for  all  accidents  that  are 
the  result  of  lack  of  foresight  or  surveillance  and  to  make  with¬ 
out  delay  a  detailed  report  to  the  Department  of  Mines  of  each 
serious  accident  that  occurs. 
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The  holder  of  a  permit  is  authorized  to  do  only  surface  prospecting. 
Test  pits  with  a  maximum  depth  of  3  meters  may  be  sunk  on  lands  belonging 
to  the  Government,  but  not  on  private  property  except  with  the  consent  of 
the  proprietor  or  holder  thereof.  (Art.  12,  decree  of  Apr.  8,  1928.) 

The  holder  of  a  permit  shall  make  no  claims  against  the  Ethiopian 
Government  for  reimbursement  of  the  cost  of  the  permit  or  for  any 
indemnity  whatsoever  in  case  the  prospecting  remains  fruitless.  (Art.  15, 
decree  of  Apr.  8,  1928.) 

If  the  holder  of  a  permit  (or  his  employees  or  his  workmen)  shall  dis¬ 
cover  archeological  or  paleontological  objects,  he  shall  notify  the 
Department  of  Mines  of  the  discovery  and  shall  remit  gratuitously  to  the 
Government  the  objects  discovered.  (Art.  16,  decree  of  Apr.  8,  1928.) 

Steps  necessary  to  preserve  rights.-  In  order  to  preserve  his  right  to 
a  mining  privilege  by  reason  of  a  discovery  made  under  a  prospecting  permit, 
the  discoverer  must  (art.  17,  decree  of  Apr.  8,  1928)  act  as  follows: 

1.  Indicate  the  place  of  discovery  with  a  sign  bearing  his  name,  the 
date  and  the  hour  of  its  posting,  and  the  nature  of  the  exploitable  mineral. 
(To  insure  secrecy,  the  sign  may  be-  placed  in  a  bottle  or  a  soldered  box, 
which  may  be  buried  at  the  place  of  discovery.) 

2.  Address  immediately  to  the  Department  of  Mines  an  application  for 
either  a  permit  of  search  (giving  the  right  to  make  deep  excavations)  or  a 
permit  of  exploitation  (mining) . 

3.  Keep  in  good  condition  the  identifying  sign  until  the  Government 
shall  have  passed  upon  the  application,  which  must  be  accompanied  by: 

(1)  A  detailed  description  of  the  position  of  the  deposit. 

(2)  A  map  or  sketch  of  the  region  for  which  the  permit  is 
requested,  as  well  as  an  accurate  indication  on  the  map  or  sketch 
of  the  perimeter  desired,  the  coordinates  defining  its  center,  its 
extent,  and  the  true  north,  (If  the  notification  of  discovery  lias 
been  buried,  the  hiding  place  of  the  bottle  or  box  must  be  indi¬ 
cated  on  the  plan.) 

(3)  An  indication  of  the  nature  of  the  mineral  discovered  or 
a  sample  thereof. 

Form  of  permit.-  A  prospecting  permit  shall  have  the  following  form 
(art.  20,  decree  of  Apr.  8,  1928); 
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No.  of  order 


The  owner  of  the  present  permit,  Mr.  _ 

(names,  stirname,  and  pro^fession)  .  ' _ , 

^  /  or 

The  company  _  (name  and  head  office)  _ , 

represented' .by  Mr.  ' _ .  (naiiies,'  surname,  and  j^rofession) 

_ ^ _ ,  nationality  _ _ residing  at  _ 

is  authorized  by  the  present  permit  to  travel  freely  over  the  'region  of 

_  to  malce  geological  and  mining -studies  or  explorations 

according  to  the  clauses  and  conditions  of  the  decree  regulating  the 
prospecting  , of  mines,  within  the  Empire  of  Ethiopia,  promulgated  on 
Miazia  1,  1920.  (April  8„  1,928).  ' 

Mr,  _ _ .  ,  is.  author! zed. to  make  explorations  on  the 

surface  and  down  to  a  depth  of  3  meters  and  to  take  sejnples  or  ores 
and,  if  he  has.  made  a  discovery,'  to  place  a  sign  on  the  spot  of  the 
discovery  and  to  station  a  guard. 

This  authorization  is  granted  to  Mr.  _  for  a 

period  of  one  year,  beginning  on  ■  _ _,  and  ending  on  _ . 

Mr.  _  declares  that  he  understands  the  decree  regu¬ 

lating  the  prospecting  of  mines,  dated  Miazia  1,  1930  (April  8,  1928), 
and  engages  himself  to  conform  to  it  in  all  respects. 

'  ■  ^  f  .  •  •  '  ' 

The  chiefs  of  the  districts  of  _ _  must  give  proper 

reception  to  Mr.  _ ,  and.  must  not  prevent  his  work,  and 

must  give  him  every  facility  to  conduct  his  explorations  to  a  success¬ 
ful  end.  ....  :  . 


Addis  Ababa, 


,  A.  D. 


'  Mining  Permits 

The  decree  of  April  8,  1928,  which  makes  the  foregoing  provisions  con¬ 
cerning  prospecting,  has  little  reference  to, mining,  or  exploiting,  except 
to  state  tioat  the  Department  of  Mines  ha.s  the  right  to  determine  the  condi¬ 
tions  under  which  applications  for  deep  excavating  and  exploiting  privileges 
(filed  by  prospecting  permittees  that  are  also  discoverers)  shall  be  granted 

The  Department  of  Mines  (which  must  keep  a  register  of  all  applications 
with  the  date  and  the  hour  of  their  filing)  must  give  preference  to  the 
applicant  first  filing  his  application  when  applications  are  made  for  the 
same  place  and  the  same  mineral.  The  Government  must  render  its  decision 
within  three  months  of  the  presenta/oion  of  an  application.  (Art.  18  and  19, 
decree  of  Apr.  8,  1928.) 


9914 


Lfj  — 


1 


I.  C.  6536 

The  new  mining  laws  and  regulations  of  comprehensive  character  tliat  are 
now  under  consideration  by  the  Ethiopian  Government  mry  make  specific  rulings 
for  mining  concessions,  but  at  present  no  definite  limits  are  placed  upon 
the  size  of  a  concession,  its  druration,  its  renewal,  or  its  cancellation. 

A  concession  may  be  transferred  only  by  special  arrangement  with,  and  by  the 
consent  of,  the  Government,  which  does  not  bind  itself  to  approve  the 
transfer. 

As  has  been  stated  previously  in  this  paper,  conditions  under  which 
mining  may  be  done  are  determined  by  the  Emperor  himself,  each  concession 
being  treated  individually, 

A  recent  report,  dated  August  20,  1929,  ibade  by  R.  F.  Chesbrough,  an 
American  trade  commissioner  at  Cairo,  Egypt,  as  discussed  by  Furness, gives 
a  few  of  the  conditions  attache’d  to  concessions  granted  comparatively  recent¬ 
ly  (referred  to  in  the  introduction  to  this  paper,  under  subsection  entitled 
"Recently  Reported  Concessions"),  In  general,  as  Furness  reports,  con¬ 
cessions  have  provided  for  percentage  royalties  on  production,  to  be  paid  to 
the  Ethiopian  Government,  This  participation  may  be  in  the  form  of  a  fi::ed 
stock  interest  or  a  percentage  of  the  profits.  Certain  details  are  as 
follows : 


Gold  and  platinum  concessions  in  the  Province  of  Beni  Shangul, 
granted  to  the  Deutsches  Studiensyndikat,  of  Stuttgart,  Germany, 
are  5  by  5  kilometers  square  and  cover  a  total  area  of  900  squs-re 
miles,  Tlie  concessions  permit  prospecting  and  exploiting  of  all 
mineral  deposits  in  the  allotted  district.  They  were  granted  by 
the  Emperor  and  ratified  by  the  German  minister  at  Addis  Ababa, 
but  it  was  necessary  to  obtain  the  approval  of  the  governor  of 
the  Province  to  operate  in  the  areas  granted.  (Tnrough  the  decree 
of  March  5,  1931*  the  approval  of  no  one  except  the  central 
Government  is  now  required.) 

Gold  and  platinum  concessions  in  tne  Provinces  of  Beni  Shangul 
and  Wollaga  were  allotted  by  the  Emperor  to  an  Italian  citizen. 

The  territory  was  granted  in  the  form  of  seven  circles,  each 
circle  having  a  radius  of  5  kilometers.  Ten  per  cent  of  the  oxit- 
put  was  to  be  given  to  the  Government, 

A  third  concession  was  granted  by  the  governor  of  the  Province 
of  Sellale  to  a  citizen  of  Ethiopia  for  deposits  of  saltpeter. 

This  concession  covers  an  area  of  25,000  square  kilometers.  The 
terms  of  the  grant  allow  the  concessionaire  to  select  seven  different 
sections  for  exploitation,  each  of  which  is  to  have  an  area  of  9 
square  miles.  A  royalty  of  3  cent  on  the  nitrates  extracted 
for  the  first  two  years  is  to  be  paid  to  the  Government,  the  rate 
to  increase  to  6  per  cent,  beginning  with  the  fifth  year,  and  to 


15  Furness,  James  W. ,  Work  cited. 
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apply  thereafter  until  the  expiration  of  the  concession,  which  is 
to  run  for  30  years*  At  the  option  of  the  Government  this  con¬ 
cession  may  he  renewed  for  a  similar  period*  The  concessionaire 
is  given  the  right  to  make  use  of  timber  and  water  on  the  property 
without  charge.  .  .  .  ,  ■ 

A  contract,  dated  May  9,  1919,  wa.s  made  between  the  Ethiopian  ruler  and 
a  French  company,  by  which  the  company  was  to  exploit  (in  the  stead  of  the 
Government)  for  75  years  minerals  found  in  Ethiopian  territory,  except  in 
lands  granted  to  other  concessionaires.  This  contract,  which  represents  one 
of  the  earlier  attempts  to  develop  a  mining  industry,  contains  the  possibility 
of  conflict  with  later  contracts,  as  well  as  conflicting  elements  within  it¬ 
self.  For  example,  the  following  provision  is  made:  After  the  company  has 
discovered  the  land  for  working  and  has  advised  the  Ethiopia.n  Government,  no 
one  shall  have  the  right  to  make  researches  or  excavations  within  20  kilo¬ 
meters  of  the  boundary  indicated.  However,  should  the  company  fail  to  begin 
the  work  of  exploitation  within  fo\ir  years  of  the  discovery  of  any  mineral, 
the  Government  may  keep  the  mine  for  itself  or  grant  it  to  another.  The 
possibility  of  contracts  with  other  concessionaires  is  further  indicated  by 
a  clause  providing  that  should  the  Government  grant  to  another  society  more 
favorable  conditions  than  those  granted  vmder  the  contract  in  question  the 
French  company  shall  benefit  equally. 

Among  the  various  provisions  of  the  contract  are  the  following: 

The  French  company  was  authorized  to  appeal  for  foreign,  as 
well  as  Ethiopian,  capital  and  to  form  companies  with  foreigners, 
as  well  as  wi'ch  Ethiopians,  but  not  with  foreign  governments.  If 
the  Ethiopian  Government  chose  to  invest  capital  in  the  company, 
it -might  do  so;  and  Ethiopians  were  to  have  the  right  to  furnish 
one-half  or  one-quarter  of  the  total  capital. 

Tlie  company  was  to  pay  a  tariff  of  5  per  cent  ad  valorem  on 
all  the  minerals  (with  the  exception  of  gold  and  silver)  extracted 
and  worked  micLanically  or  chemically.  With  respect  to  gold, 
silver,  and  precious  stones,  if  the  Govornment-  aesired  to  take 
the  crude  materials,  the  concessionaire  was  to  receive  12  or  20 
per  cent  of  the  net  benefit.  The  Government  was  to  have  the  first 
right  of  purchase  for  all  minerals, (gold  and  silver  and  precious 
stones  at  the  current  prices  in  Ethiopia  and  all  other  minerals  at 
the  latest  European  prices).  The  remaining  minerals  might  be  sold 
locally  or  abroad.  Should  the  Governraen-t  desire  to  take  more 
petrolenm  than  was  its  due,  the  company  should  not  make  exports 
abroad- until  the  Government  had  satisfied  its  needs;  nor  should 
nationals  be  prevented  from  purchasing  the  petrol  they  desired. 
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The  concessionaire  was  to  he  liable  to  an  annual  tax  of  10,000 
thalers  per  "gacha"  of  land  retained  for  mining.  Should  the 
Government  prefer  payment  in  mining  products,  the  company  was  to 
dispose  of  these  products  to  the  best  possible  advantage  (as  if 
selling  for  itself),  deduct  the  expenses  of  transport  and  insurance, 
and  transmit  the  balance  to  the  Government.  The  company  was  to  pay 
for  five  years  an  annual  inspection  fee  of  15,000  francs  and 
thereafter  a  minimum  of  15,000  francs. 

The  company  was  to  be  granted  freedom  from  duties  on  instru¬ 
ments  and  supplies  necessary  for  its  work;  the  use  of  water  from 
nearby  rivers  and  timber  from  unoccupied  lands;  the  right  to  con¬ 
struct  the  necessary  railroads;  and  all  reasonable  protection 
from  the  Government, 


EXTRALA.TEEAL  RIGHTS 

As  neither  law  nor  precedent  exists  governing  extralateral  rights,  any 
claim  therefor  probably  would  be  disputed,  although  a  special  provision  might 
be  arranged  for  in  any  particular  concession. 

RENT  AND  ROYALTIES 

The  Government  requires  the  payment  of  rent  and  royalties;  however,  the 
amount  is  not  a  fixed  one  but  rather  a  matter  of  private  agreement  between 
the  Emperor  of  Ethiopia  and  the  concessionaire. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


MINING,  TREATMENT  METHODS,  AND  COSTS  AT  THE  EAST  TEXAS 
GRAVEL  COMPANY'S  DEPOSITS  NEAR  BOIS  D'ARC,  TEX.* 

By  Walter  W.  Hyde^ 

INTRODUCTION 

This  paper  describing  the  mining  and  preparation  of  sand  and  gravel  for  a  number  of 
special  markets  by  the  East  Texas  Gravel  Co.,  Dallas,  Tex.,  is  one  of  a  series  being  prepared 
on  the  subject  by  the  United  States  Bureau  of  Mines. 

These  articles  are  designed  to  disseminate  technical  information  regarding  the  methods 
used.  The  cost  tabulations  represent  operating  expenditures  only  and  not  total  production 
costs.  It  is  recognized  that  publication  of  total  production  costs  might  in  many  instances 
cause  embarrassment  to  individual  producers  as  well  as  to  the  industry  as  a  whole,  but  on  the 
other  hand,  operating  costs  are  essential  to  the  technical  discussion  and  study  of  the  methods 
employed.  The  attention  of  the  reader  is  specifically  called  to  this  differentiation  in 
order  that  no  misunderstanding  of  the  scope  of  the  cost  tabulations  shall  ensue. 

Operators  of  sand  and  gravel  deposits  who  have  a  surplus  of  sand  and  small  pebbles  which 
must  be  sent  to  waste  will  be  particularly  interested  in  the  description  of  equipment  and  the 
method  of  removing  these  waste  materials  near  the  excavating  machine  in  the  pit,  while  min¬ 
ing. 

The  gravel  deposits  are  located  in  the  southwestern  part  of  Kaufman  County  about  20 
miles  southeasterly  from  Dallas  and  approximately  5  miles  south  of  the  main  line  of  the  Texas 
and  New  Orleans  Railroad  (Southern  Pacific  Lines),  at  Bois  D'Arc.  From  this  point  a  stand¬ 
ard-gage  railroad  track  has  been  constructed,  connecting  the  main  line  with  the  loading 
tracks  at  the  deposits. 
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HISTORY 

In  early  operations  a  small  dragline  machine  was  used  to  remove  the  overburden  and  then 
to  excavate  the  sand  and  gravel  and  load  it  on  standard-gage  railroad  cars.  The  material 
was  used  for  railroad  ballast,  but  the  demand  for  other  uses  grew  so  rapidly  it  was  soon 
necessary  to  increase  production,  and  the  present  plant  is  the  result  of  a  gradual  develop¬ 
ment  brought  about  by  the  necessity  of  producing  various  special  grades  ol  sand  and  gravel. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6537." 

2  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Hines. 
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DESCRIPTION  OF  DEPOSITS 

The  sand  and  gravel  deposits,  which  lie  in  the  immediate  vicinity  of  Dallas  and  in  close 
proximity  to.  the  Trinity  river  and  its  tributaries,  are  quite  similar  in  character  and  as  a 
general  rule  are  all  more  or  less  subjected  to  overflow  of  flood  waters. 

The  deposits  were  derived  from  the  disintegrated  and  broken  fragments  of  the  hare  lime¬ 
stone  and  sandy  formations  of  the  Commanche  and  Carboniferous  rock  to  the  west.  Their  origin 
is  proved  conclusively  by  the  character  of  the  constituents  and  by  the  fossils  found  in  the 
deposits . 

Unquestionably  these  materials  were  worked  downstream,  largely  by  flood  waters,  to  form 
these  gravel  deposits,  and  the  materials  while  in  transit  were  not  only  rounded  by  abrasion 
but  were  to  a  considerable  extent  segregated  by  size  in  the  swift  currents,  so  that  from 
point  to  point  it  is  noticeable  that  the  pebbles  and  grains  of  sand  differ  in  shape  as  well 
as  in  size.  Often  the  dividing  line  between  two  or  several  adjoining  deposits  is  remarkably 
well  defined. 

The  Trinity  river  flowed  over  many  different  outcrops  of  rock,  with  the  result  that  the 
amount  and  kind  of  materials  contributed  to  the  stream  load  have  differed.  This  is  exempli¬ 
fied  by  the  difference  between  the  upland  gravel  deposits  and  those  found  in  the  present 
flood  plain  of  the  river. 

The  upland  gravel  deposits  are  not  as  valuable  as  the  flood-plain  deposits  as  they  carry 
great  quantities  of  foreign  materials,  such  as  clay,  mud,  soft  limestone,  chalk  pebbles, 
etc.,  well  mixed  with  rather  poor  grades  of  sand  and  gravel.  However,  the  raw  material  from 
these  deposits  makes  excellent  driveways  or  country  roads  where  traffic  is  light,  due  to  the 
natural  binders  contained  in  the  gravel. 

The  flood-plain  deposits  where  proved  to  contain  material  cf  sufficient  quality  and 
quantity  to  justify  exploitation  cn  a  large  scale  are  very  valuable.  They  are  usually  free 
from  foreign  material  such  as  soft  limestone,  chalk  pebbles,  mud,  clay,  and  silt  and  there¬ 
fore  may  be  mined  and  made  into  a  finished  product  with  a  minimum  of  expenditure. 

Gravel  deposits  in  this  locality,  and,  for  that  matter,  throughout  northeastern  Texas, 
are  small,  usually  not  exceeding  40  or  50  acres  in  area  and  averaging  20  to  25  acres.  How¬ 
ever,  a  number  of  these  deposits  are  often  found  close  together.  The  deposits  are  also  com¬ 
paratively  shallow.  The  upland  deposits  have  practically  no  overburden  and  are  from  3  to  5 
feet  thick,  whereas  the  flood-plain  deposits  are  covered  with  8  to  12  feet  of  soil  and  clay 
overgrown  with  trees  and  brush,  and  very  from  8  to  20  feet  in  thickness.  The  deposits  are 
usually  underlaid  with  a  hard  blue  shale  or  a  stratum  of  solid  limestone.  However,  in  many 
cases  the  base  of  the  gravel  beds  is  a  hard  clay. 

The  beds  themselves  are  composed  of  silica  and  limestone  in  the  form  of  sand  and  pebbles 
both  of  which  are  uniform  in  texture  throughout.  The  sand  is  angular  and  hard,  t  .id  the 
pebbles  are  also  hard,  well  formed,  and  of  the  right  size  for  a  number  of  uses. 

PROSPECTING  AND  EXPLORATION 

Locating  gravel  deposits  on  the  upland,  is  a  comparatively  simple  matter  as  the  gravel 
sometimes  outcrops  or  is  usually  detected  in  the  soil  within  a  few  inches  of  the  surface,  or 
is  exposed  in  gully  washes  along  the  banks  of  small  streams  that  drain  the  high  ground. 
Often  the-  upland  deposits  are  found  accidentally  in  digging  post  holes. 

Locating  gravel  deposits  cn  the  flood  plains  is  more  difficult,  as  the  gravel  is  covered 
by  8  to  12  feet  of  clay  and  soil  and  prospecting  is  expensive  as  the  clay  is  both  hard  and 
deep.  Further,  commercial  deposits  are  seldom  discovered,  even  though  a  prospector  may  spend 
months  in  sinking  holes  with  a  boring  machine  or  digging  prospect  shafts. 
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When  a  deposit  has  been  located,  it  is  usually  explored  by  means  of  test  pits  dug  by 
hand  to  the  top  of  the  gravel.  If  the  pit  is  dry,  hand  digging  may  be  continued  through  the 
deposit.  Where  this  method  is  used,  one  man  to  a  hole  is  all  that  is  necessary  for  the 
first  7  feet  of  depth.  From  this  on,  there  are  two  men  to  the  hole,  which  is  usually  3  by  5 
feet  in  cross  section  through  the  overburden. 

One  man  on  the  surface  lays  a  plank  across  the  hole  to  stand  on  and  uses  a  1-inch  rope 
(large  enough  to  keep  from  burning  the  hands  while  gripping  it),  to  hoist  a  steel  bucket  that 
holds  about  |  cubic  foot  of  gravel. 

The  man  in  the  hole,  digs  and  loads  material  into  the  bucket.  When  the  surface  of  the 
gravel  deposit  has  been  reached,  it  is  well  to  change  from  a  3  by  5  foot  oblong  hole  to  one 
that  is  round  and  about  3  feet  in  diameter.  If  the  gravel  is  not  too  loose,  the  man  in  the 
hole  will  be  safe  in  going  down  in  the  gravel  to  a  depth  of  10  to  12  feet,  or  to  20  to  25 
feet  below  the  surface.  Should  the  gravel  be  extremely  loose,  a  specially  constructed  steel 
curb,  in  sections,  should  be  used  for  the  protection  of  the  man  in  the  hole. 

One  gravel  company  in  this  vicinity  has  a  boring  machine,  similar  to  a  post-hole  auger 
on  a  large  scale,  that  is  mounted  on  and  operated  by  a  Fordson  tractor.  This  machine  bores 
a  hole  about  16  inches  in  diameter  through  the  clay  overburden  at  the  rate  of  1  foot  to  5 
feet  per  minute,  depending  on  the  hardness  of  the  clay:  and  in  case  the  hole  caves,  the  auger 
can  be  pulled  by  reversing  the  direction  of  rotation. 

The  machine  drills  in  clay  to  a  depth  of  about  18-feet  without  difficulty,  but  it  does 
not  work  so  well  in  the  gravel  because  of  the  continual  falling  of  pebbles,  which  causes  many 
cave-ins.  For  this  reason  drilling  is  stopped  immediately  upon  striking  the  gravel,  and  the 
hole  is  continued  by  using  a  small  orange-peel  bucket,  operated  by  hand,  inside  a  14-inch 
steel  casing.  This  is  a  good  outfit  for  working  in  loose  gravel  above  the  water  line.  When 
the  water  is  struck,  faster  progress  may  be  made  by  using  a  flap-valve  bailer  (bailing  bucket 
used  in  bailing  oil  wells,  or  other  deep  wells).  The  bailer  used  for  sinking  through  gravel 
under  water  is  operated  inside  of  a  10-inch  pipe.  It  is  usually  8  inches  in  diameter  and  is 
fitted  on  one  end  with  a  3-prong6d,  hard-tempered  cutting  edge.  Should  the  bailer  be  oper¬ 
ated  by  hand,  it  should  not  be  more  than  2  feet  long;  as  many  as  8  men,  working  6  at  a  time, 
vill  be  needed  to  make  the  best  progress. 

The  bailer  is  suspended  from  a  light  derrick,  mounted  on  a  sled,  and  is  worked  up  and 
down  by  a  1-inch  rope  running  through  a  pulley  at  the  top  and  one  near  the  base.  The  derrick 
on  the  sled  is  moved  by  team,  tractor,  or  by  the  crew  of  8  men. 

The  bailer  when  used  on  a  self-moving  well-drilling  machine  of  the  cable  type,  has 
proved  successful  in  testing  gravel  deposits  which  lie  below  the  water.  Two  men  can  operate 
this  equipment  to  good  advantage,  and  they  can  usually  drill  from  70  to  80  feet  in  10  hours. 

The  gravel  deposits  near  Bois  D'Arc,  now  being  worked  by  the  East  Texas  Gravel  Co.,  are 
typical  flood-plain  deposits  with  all  the  peculiar  characteristics  so  noticeable  in  the  many 
other  similar  deposits  lying  close  to  the  Trinity  River  which  are  being  worked  by  other 
operators. 

The  East  Texas  Gravel  Co. 's  deposits  cover  several  hundred  acres  and  the  overburden  of 
clay  ranges  between  4  and  12  feet.  The  sand  and  gravel  have  a  depth  of  from  10  to  15  feet. 
The  pit-run  material  averages  about  45  per  cent  sand  and  55  per  cent  gravel,  and  is  fairly 
clean.  The  deposit  lies  below  the  normal  water  level  which  comes  up  to  the  base  of  the 
clay  overburden. 

The  materials,  both  sand  and  gravel,  in  these  deposits,  are  of  exceptional  quality; 
being  free  from  mud,  clay,  soft  limestone,  chalk  pebbles,  etc.,  and  particularly  free  from  a 
medium-soft  white  limestone  pebble  which  is  mixed  in  small  amounts  with  the  sand  and  gravel 
from  pits  some  50  miles  further  up  the  Trinity  River.  The  sand  is  angular,  coarse,  and  hard, 
and  is  prepared  by  washing  and  sizing  so  that  it  meets  practically  all  specifications,  es¬ 
pecially  for  concrete  construction  of  different  kinds. 
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The  gravel  is  hard  and  tough,  and  particularly  well  adapted,  because  of  size  and  qual¬ 
ity,  to  use  in  concrete  structures  such  as  building  columns,  side  walls,  floor  slabs,  and  all 
kinds  of  highway-drainage  structures.  It  also  fully  meets  specifications  required  by  the 
Texas  Highway  Department  and  Federal  engineers  for  the  construction  of  concrete  slabs  and 
hard-surface  tops  of  permanent  highways. 

The  gravel  and  sand  are  thoroughly  washed  and  rinsed,  and  sized  to  meet  specifications 
for  many  different  projects. 

Only  a  small  percentage  of  the  gravel  exceeds  3  inches  in  size,  and  for  this  reason  no 
crushing  is  necessary.  All  of  the  oversize  is  sold  to  the  railroads,  or  to  contractors  who 
do  their  own  crushing  on  special  jobs. 

A  screen  analysis  on  an  average  sample  of  washed  sand  for  concrete  is  as  follows: 
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An  analysis  of  an  average  sample  of  washed  gravel  for  concrete  is  as  follows; 
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STRIPPING  AND  MINING 

Removal  of  clay  overburden  and  excavation  of  raw  pit  gravel  is  done  by  a  Monighan  walk¬ 
ing  dragline  with  an  85-foot  boom  and  a  3 -cubic  yard  bucket.  This  machine  is  powered  by  a 
175-hp.  Fairbanks-Morse  Diesel  engine  belted  directly  to  a  shaft  with  clutches  connecting 
with  two  drums  on  the  hoist  used  for  dragging  and  hoisting  the  bucket.  There  is  also  a  belt 
to  an  electric  generator  which  supplies  current  for  a  50-hp.  motor  directly  connec led  by 
pinions  and  gears  to  a  circular  rack  for  swinging  the  machine. 

The  dragline  is  put  to  work  at  any  desired  location  in  the  pit,  and  first  removes  the 
overburden  of  clay  which  it  casts  to  one  side,  usually  at  about  90°  from  the  direction  of  the 
loading  truck.  After  the  overburden  has  been  removed  from  about  5,000  square  feet,  the 
dragline  proceeds  to  remove  the  pit  gravel  and  places  it  in  standard-gage,  bottom-dump,  50- 
ton  steel  cars,  for  transport  to  the  Texas  and  New  Orleans  Railroad  Co.'s  track  to  Bois 
D'Arc.  From  there  it  is  transported  to  designated  points  along  the  main  line  and  used  for 
ballast . 

The  ballast  cars  are  often  utilized  for  transporting  the  pit  gravel  as  loaded  by  drag¬ 
line  to  the  hopper  at  the  washing  plant.  The  ballast  cars  are  spotted,  one  at  a  time,  over 
the  hopper  and  dumped. 


SCREENING  PLANT 

The  raw  material  is  fed  from  the  hopper  by  a  plate  feeder  on  to  an  18-inch  belt  conveyor 
that  carries  the  material  to  the  top  of  the  washing  plant  over  a  head  pulley  shown  in  Figures 
1  and  2.  Figure  1  shows  a  side  elevation  of  the  washing  plant  and  a  longitudinal  section  of 
the  tunnel  under  the  bins.  Figure  2  shows  a  side  elevation  of  the  conveyor  belt  from  the 
hopper,  end  view  of  bins,  and  cross  section  of  hopper  and  tunnel  under  bins.  The  top  portion 
of  the  house  which  covers  the  belts  and  electric  motors  that  drive  the  18-inch  conveyor  belt, 
revolving  scrubber,  and  screen  is  shown  at  2,  Figure  1. 

From  the  head  pulley  (1)  at  the  top  of  the  plant  the  pit  gravel  is  sluiced  over  an  in¬ 
clined  screen  (5)  of  1/8-inch  steel  wire  having  3/8-inch  square  openings. 

The  undereize  from  this  goes  directly  to  the  two  sand  classifiers  (4)  thus  relieving  the 
revolving  screen  of  this  burden  and  thereby  speeding  up  production. 

The  oversize  from  the  inclined  screen  is  flushed  into  the  revolving  scrubber  and  screen 

(3)  which  is  18  feet  long  and  4  feet  in  diameter,  and  is  surrounded  midway  by  a  wire  jacket, 

B,  that  is  6  feet  in  diameter  and  9  feet  long.  The  jacket  is  made  of  1/8-inch  steel  wire 
with  3/8-inch  square  openings  for  the  first  5  feet  of  its  length  and  1/2-inch  square  openings 
for  the  remaining  length  of  4  feet.  The  scrubber  portion  of  the  revolving  screen  A,  is  on 
the  receiving  end  and  is  5  feet  long.  It  is  followed  by  sections  C,  D,  and  E,  which  are  6, 
4,  and  3  feet  long  and  have  5/8,  1-3/8,  and  3-inch  round  perforations,  respectively. 

The  sand  and  water  passing  through  the  screen  jacket  are  sluiced  to  two  sand  classifiers 

(4) ,  placed  side  by  side.  The  classifiers  wash,  size,  dewater,  and  deposit  the  sand  in  bins 
4  and  5.  The  sand  classifiers  are  of  the  box  type,  with  long  sloping  necks  in  which  sand 
drags  are  operated.  Each  sand  drag  consists  of  two  parallel  chains  mounted  on  cast-steel 
sprocket  wheels  and  connected  by  steel  plates  3/8  inch  thick,  5  inches  wide,  and  30  inches 
long. 

The  sand  drags,  driven  by  gear  and  pinion,  agitate  the  sand  and  keep  dirt,  silt,  etc., 

in  suspension  to  float  off  with  the  water,  while  the  sand  is  dewatered  and  dragged  out 

-  through  the  neck  of  each  classifier. 

Returning  to  the  revolving  scrubber  and  screen,  we  find  that  the  inclined  screen  ahead 
of  it  and  the  jacket  have  removed  most  of  the  sand  and  water,  leaving  only  the  pebbles  to  ba 
screened  into  three  sizes  and  chuted  to  their  respective  bins. 

-  5  - 
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Referring  to  Figure  1,  bin  3  is  for  pebbles  that  pass  through  a  5/8-inch  ring  and  are 
retained  on  3/8-inch  square  mesh  opening.  Bin  2  is  for  pebbles  through  1-3/8  inches  and 
over  i  inch.  Bin  1  is  for  pebbles  through  3  inches  and  ever  1-3/8  inches.  The  different 
sizes  may  be  loaded  cut  individually  into  cars  through  the  gates  on  the  side  of  each  bin,  or 
may  be  remixed  in  any  desired  proportion  in  a  trough  immediately  under  the  revolving  screen 
and  from  there  spouted  directly  to  the  cars  on  the  loading  track  for  shipment. 

Tn  many  instances  where  it  is  necessary  to  be  more  particular  about  the  proportions  of 
the  several  sizes,  mixing  is  accomplished  by  use  of  the  loading  belt  as  follows: 

Underneath  the  bins  as  shown  in  Figures  1  and  2,  there  is  a  tunnel  having  a  7  by  7  foot 
inside  cross  section  and  running  parallel  with  the  longitudinal  axis  of  the  plant.  At  inter¬ 
vals  along  the  roof  of  tunnel,  which  forms  a  portion  of  the  bottom  of  the  bins,  there  are  gates 
spaced  from  10  to  12  feet  apart  along  the  center  line.  An  18-inch  conveyor  belt  traverses 
the  entire  length  of  the  tunnel,  and  the  flow  from  the  bins  onto  the  conveyor  belt  is  regu¬ 
lated  by  adjusting  the  bin  gates  to  produce  any  desired  specification.  Small  hoppers  strad¬ 
dling  the  conveyor  belt  are  placed  beneath  the  various  bin  gates  to  guide  the  discharge. 

After  passing  out  of  the  tunnel  the  gravel  is  discharged  onto  another  conveyor  belt 
which  rises  to  a  point  high  enough  to  permit  spouting  the  material  over  an  inclined  screen 
where  it  is  sprayed  with  water  with  sufficient  force  to  thoroughly  rinse  off  the  gravel  be¬ 
fore  it  is  finally  placed  in  the  car  for  shipment. 

Using  the  small  dragline  machine  at  the  washing  plant  to  stack  pea  gravel  and  sand  in 
stock  piles,  as  well  as  to  reclaim  it  and  load  it  out  quickly,  has  been  found  to  be  a  most 
advantageous  method.  When  the  sand  and  pea  gravel  have  been  stocked  in  piles  near  the  wash¬ 
ing  plant  to  the  capacity  limit  of  open  storage,  the  handling  and  rehandling  of  these  mater¬ 
ials  eventually  became  a  problem,  for  in  addition  to  being  hauled  to  the  plant  and  carried 
through  the  regular  process  of  being  washed  it  was  necessary  to  load  them  from  bins  to  cars 
or  from  storage  to  cars  and  finally  to  dispose  of  them  by  dumping  as  waste  somewhere  along 
the  line. 

At  first  this  was  not  a  bad  arrangement,  as  these  materials  when  mixed  make  an  excellent 
track  ballast,  and  were  utilized  for  this  purpose.  However,  when  all  the  track  had  received 
an  adequate  amount  of  this  ballast,  the  continued  dumping  of  these  materials  became  not  only 
a  problem  of  finding  a  place  to  dump  them,  but  also  an  expensive  operation. 

The  disposal  of  the  pea  gravel  and  excess  sand  eventually  became  an  acute  problem  and  a 
nethed  was  worked  cut  to  dispose  of  all  undesirable  materials  at  the  pit  by  removing  them 
from  the  desirable  materials  and  discharging  them  as  waste  into  the  pond  formed  by  previous 
workings . 

This  method  utilizes  a  portable  loading  and  washing  platform  loaded  by  the  Monighan 
walking  dragline  for  eliminating  the  undesirable  materials,  such  as  large  stones  and  big 
chunks  of  clay  or  mud,  etc.,  as  well  as  pea  gravel  and  sand  that  is  overabundant  in  the  pit 
gravel . 

Large  stones  and  big  chunks  of  mud  and  clay  are  removed  from  the  platform  by  hand,  and 
the  sand  and  pea  gravel  are  washed  away  by  water  that  sluices  them  through  an  inclined  screen 
and  thence  by  flume  back  to  the  excavated  areas  of  the  pit.  The  oversize  on  the  inclined 
screen  rolls  into  standard-gage  steel  ballast  cars  for  transport  to  the  washing  plant.  This 
method  of  treatment  eliminates  the  haul  on  waste  material,  relieves  congestion  at  the  plant 
and  speeds  up  production  of  those  products  for  which  there  was  a  ready  market. 

Figure  3  shows  how  the  portable  platform  is  constructed. 

It  may  be  seen  that  the  standard-gage  ballast  cars  pass  under  the  platform,  and  that  the 
floor  of  the  platform  slopes  two  ways,  toward  the  center  and  also  toward  an  inclined  screen 
at  one  end.  The  raw  pit  gravel  is  placed  directly  by  dragline  onto  the  platform  floor,  which 
is  covered  with  10-gage  steel  plates  laid  in  "rainproof"  fashion. 
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Across  the  inclined  screen  and  some  18  inches  above  it,  several  3-inch  pipes  are  placed, 
each  perforated  on  one  side  with  :^-inch  holes  about  1-inch  apart,  through  whioh  water  under 
pressure  is  sprayed  on  to  the  screen. 

When  the  raw  pit  gravel  is  placed  on  the  platform  the  water  which  is  played  on  it 
through  a  small  hydraulic  giant  floods  the  gravel  and  sand  down  grade  to  the  inclined  screen 
which  has  a  pitch  of  about  45°.  This  pitch  is  sufficient  to  make  the  oversize  roll  off  into 
the  car  while  the  sand  and  pea  gravel  are  washed  through  the  screen  by  the  force  of  the  water 
sprays  to  be  flushed  through  a  flume,  made  up  of  25-foot  portable  sections,  to  the  worked-out 
portion  of  the  gravel  pit  where  it  may  be  picked  up  again  on  the  next  pass  with  the  dragline 
or  left  as  waste  along  with  the  overburden. 

To  move  the  portable  platform,  four  timbers  each  8  by  8  inches  by  12  feet,  a  few  blocks 
each  8  by  8  inches  by  2  feet,  and  two  good  track  jacks,  are  required  to  raise  and  block  it 
upon  one  of  the  ballast  cars.  A  special  pocket  was  built  into  the  portable  platform  to  hold 
the  timbers,  blocks,  and  jacks  so  that  they  are  always  available  when  needed. 

One  of  the  ballast  cars  is  used  for  a  moving  van,  so  to  speak,  by  spotting  it  on  the 
loading  track  directly  under  the  platform.  The  four  timbers  are  then  placed  across  the  car, 
two  at  each  end  of  the  platform  immediately  under  the  horizontal  cross  timbers  of  the  plat¬ 
form  that  are  about  18  inches  above  the  top  of  ballast  car.  Both  jacks  are  set,  and  one  end 
of  the  platform  is  raised  and  blocked  on  top  of  the  car,  leaving  its  legs  at  that  end  some  8 
inches  or  so  above  the  foundation  blocks.  In  like  manner  the  other  end  of  the  platform  is 
raised  and  blocked  and  the  whole  structure,  then  clear  of  all  foundation  blocks  and  resting 
on  the  ballast  car,  may  be  moved  by  the  locomotive  to  a  new  location  for  further  use  or  it 
may  be  taken  to  the  end  of  the  loading  track  to  remain  completely  out  of  the  way  until  it  is 
again  needed. 

Water  for  use  on  the  portable  platform  is  plentiful,  there  being  10  or  more  feet  of  it 
standing  in  the  pit  at  all  times.  A  6-inch  centrifugal  pump  powered  by  a  30-hp.  gasoline 
engine  is  used  to  pump  the  water  through  a  6-inch  pipe  to  the  top  of  the  platform.  The  cen¬ 
trifugal  pump  and  gasoline  engine  remain  more  or  less  stationary,  but  the  6-inch  pipe  laid 
parallel  to  and  about  10  feet  away  from  the  track,  is  shifted  each  time  the  loading  track  is 
moved  over  for  the  new  pass  of  stripping  and  loading. 

SUMMARY  OF  COSTS 


Period:  July,  1929  to  July,  1930. 

Total  material  loaded  during  period: 

Overburden,  110,000  cubic  yards  moved  by  dragline  into  pond  formed  by  previous  workings. 
Sand  and  gravel,  123,500  tons. 

Operating  costs  per  ton  of  sand  and  gravel  mined 


1 

Labor  1 

Super¬ 
vision  1 

Power 

Fuel 

Other 

supplies 

Total 

Operating  costs: 

Stripping  . 

' 

$0,025 

$0,002 

$0,010 

$0,022 

$0,059 

Mining  and  loading . 

.049 

.005 

$0,002 

.002 

.051 

.109 

Transportation  . 

.032 

.001 

- 

.014 

.002 

.049 

Washing,  screening  and  loading 

[  .080 

.010 

.002 

- 

.003 

.095 

Storage . 

.005 

- 

- 

.001 

.005 

.011 

Repairs  and  maintenance . 

.020 

.001 

- 

- 

.110 

.131 

Miscellaneous  . 

.006 

.005 

.011 

Total . 

0.217 

0.019 

i 

0.004 

0.027 

0.198 

0 . 465 
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IHIom^ATION  CIROUIAR 


nEPAtgMKjT  OF  COMMEECS  -  FJRSAU  OF  mmS 


LIST  OF  PERI/IISSIBLE  IHilS 

By  L.  C.  Ilsley^ 


A  complete  list  of  permissiLle  mine  equipment,  tested  and  approved 
prior  to  January  1,  1931,  was  pulolislied  in  Bureau  of  Mines  Information  Cir¬ 
cular  6443.^  The  present  list*  includes  practically  all  the  electric  air 
compressors,  coa.1  drills,  mining  machines,  loading  machines,  conveyors,  mine 
pumps,  room  hoists,  mine  telephones,  rock-dusting  machines,  switches,  elec¬ 
tric  cap  lamps,  flame  safety  lamps,  electric  hand  and  trip  lamns,  electric 
flood  lamps,  methane  detectors,  hlasting  units,  storage  Battery  locomotives, 
tandem  locomotives,  power  trucks,  and  concrete  mixers  tested  and  apnroved  hy 
the  Bureau  up  to  July  1,  1931.  '  ■ 

The  system  under  which  these  devices  were  tested  permits  the  manufac¬ 
turer,  after  his  equipment  has  passed  certain  tests  prescriBed  By  the  United 
States  Bureau  of  Mines,  to  mark  his  equipment  with  a  seal  showing  that  it 
has  Been  approved  By  the  Bureau.  Tiiese  tests  are  designed  to  insure  that 
equipments  have  the  minimum  requirements  for  safety  in  use.  The  only  oBject 
of  the  Bnureau  in  malcing  such  tests  and  piaBlishing  lists  of  permissiBle  equip¬ 
ment  is  to  help  lessen  the  hazards  of  mining.- 

F3RMISSIBL3  KINIIJG  1AACHIU3S,  COAL  DRILLS.  ETC. 

Approved  Under  Schedu''.es  2 2A.  23,  and  2C 
Air  Compressors 


1.  Type  WK-26  compressor;  30-hp.  motor,  250-500  volts,  D.  C.  Approvals  117 
and  117A,  issued  to  Sullivan  Machinery  Co.,  March  12,  1925. 

2.  Type  wK-59  self-propelled  compressor;  30-hp.  motor,  250-500  volts,  D.  C. • 
Approvals  120  and  120A,  issued  to  Sullivan  %chinery  Co.,  July  28,  1925. 

1  The  Eureaii  of  Mines  will  welcome  reprinting  of  this  paper.  Provided  the 
following  footnote  .aclaiowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6538." 

This  circular  includes  an  appendix  in  which  are  listed  such  trailing  cables 
as  have  met  the  Bureau's  requirements  for  "Specially  Recommended  CaBlea." 

2  Electrical  engineer,  U.  S.  Bureau  of  Mines,  PittsBur^  Experiment  Station, 
PittsBurgli,  Pa.. 

3  Ilsley,  L.  C. ,  List  of  PermissiBle  Mine  Equipment:  Inf.  Circ.  6443,  Bureau 
of  Mines,  May,  1931,  p.  14. 

4  A  few  equipments  which  may  now  Be  considered  oosolete  and  therefore  not 
oBtainaBle  are  not  included  in  this  list. 
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3.  Type  CP-26G,  CP-36D»  and  CP-3SH  comproseors ;  25-Jip.  RWtpx*  250-5C0  volts* 

D.  C.  Approvals  128  and  128A,  issued  to  OenOTal  Electric  Co.,  liarch  21,- 
1927,  and  July  16,  1926,  respectively. 

4*  Type  20  compressor;  15-hp.  motor,  250-500  volts,  D.  C.  Approvals  159  and 
159A,  issued  to  Ingersoll-liand  Co..,  Sept.  4,  1928. 

5.  Type  WK-22  comuressor;  30-lip.  motor,  250-500  volts,  P.  C.  Approvals  160 
and  16QA,  issued  to  Sullivan  liachinery  Co.,  Sept.  10,  1923. 

6.  Type  WK-22  compressor;  20-hp.  motor,  230  volts,  D.  C.  Approval  189  issued 
to  the  Sullivan  l\fechinery  Co.,  Aoril  22,  1930. 

Loading  Machines  and  Conveyors 

1.  Type  43-A  shortwaloader;  50-hp.  motor,  250-500  volts  D.  Or  Approvals  122 
and  122A  issued  to  The  Jeffrey  Manufacturing  Co.,  Jan.  8,  1926. 

2.  Type  44-B  conveyor-loader;  50-hp.  motor,  250-500  volts,  D.  C.  Approvals 
123  and  123A,  issued  to  the  Jeffrey  Manufacturing  Co.,  Jan.  15,  1926, 

3.  Belt-type  conveyor;  5-hp.  motor,  250  volts,  D.  C.  Apuroval  126,  issued 
to  Bird  Coal  Co.,  June  25,  1926. 

4.  Shovel-tyoe  loading  machine;  30-hp.  motor,  250-500  volts,  D.  C.  Approvals 
127  and  127A,  issued  to  Myers-Whaley  Co.,  July  16,  1926,  and  Sept.  23, 

1927,  respectively’’. 

5.  Chain-type  conveyor;  5-hp.  motor,  250  volts,  B.  C.  Approval  129,  issued 
to  the  Bird  Coal  Co.,  July  21,  1926, 

6.  Tj’pe  5-BU  loading  machine;  25-hr).  motor,  230-500  volts,  D.  C.  Approvals 
152  and  132A,  issued  to  Joy  lianufacturi ng  Co.,  December  29,  1926,  and 
March  22,  1927,  resuectively. 

7.  Type  49-A  chain-tyue  conveyor;  3-hu.  motor,  250-500  volts,  D.  C. 

Approvals  133  and  133A,  issued  to  The  Jeffrey  Manufacturing  Co.,  Feb, 

10,  1927, 

8.  Conveyor- type  loader;  30-hp.  motor,  350-500  volts,  D.  C.  Aupro’vals  135 
and  135A,  issued  to  the  S'allivan  Machinery  Co. ,  May  11,  1927. 

9.  Type  136-EC  entry  loader;  3 5-hp.  motor,  210-500  volts,  D.  C.  Approvals 
138  end  13SA,  issued  to  the  Goodman  ^nufacturing  Co.,  Aug.  5,  1927. 

10.  Belt-type  conveyor;  1-hp.  motor,  220  volts,  D.  C.  Approval  139,  issued 
to  the  Lorain  Steel  Co.,  Aug.  19,  1927, 

11,  Type  A.F.-IO  by  8  shaker  conveyor;  15-hp.  motor,  250-500  volts,  D.  C.  ((^ 

Approvals  149  and  149A,  issued  to  C.  H.  McCullou^  Engineering  Co., 

March  29,  1988, 
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12.  Type  43-E  power  shovel;  15-hp.  motor^  210  volts,  D.  C.  A^oproval  150, 
issued  to  Goodman  ^manufacturing  Co.,  May  11,  1928, 

13.  Chain-t:^rpe  conveyor;  5-hp.  motor,  250  volts,  D.  C,  Ap'oroval  151,  issued 
to  South  Fork  Foundry  . &  Machine  Co.,- 'May  19,  1928. 

<  •  I 

14.  Conveyor-type  face  loader;  25-hpi  motor,  250  volts,  D.  C.  Approval  155, 
issued  to  Bethlehem  Steel  Co.,  August  2,  1928. 

15.  Shaker-type  car  filler;  22-hp.  motor,  250  volts,  L.  C.  Approval  156, 
issued  to  Bethlehem  Steel  Co.,  August  2,  1928. 

16.  Pit-car  loader;  (t-urntahle  type)  1-hp,  motor,  .250-500  volts,  D.  C. 
Approvals  166  and  165A,  issued  to  Duncan  Foundry  and  Machine  Works, 

(Inc.),  March  13,  and  July  11,  1929,  respectively. 

.  •  j  ,  , 

17.  Brownie  pit  car  loader;  1  l/2-hp.  motor,  250-500  volts  D.  C.  Approvals 
157  and  167A,  issued  to  the  Brown-:i^yro  Co.,  inarch  27,  1929, 

18.  Pit  car  loader;  1-hp.  motor,  230-500  volts  D.  C.  Approvals  168  and  168A 

issued  to  the  Northern  .Conveyor  and  Manufact-uring  Co.,  April  5,  and 
Sept.  27,  1929,  respectively.-  .  . 

19.  Conveyor  Sales.  Co.  Shaker  conveyor;  lO-li^.  motor,  250  volts,  S.  C.  Ap- 
pro-val  171  issued  to  the  Goodman  Kianufact-uring  Co.,  April  17,  1929. 

20.  Pit  car  loader;  1  l/2-hp.  motor,  250-500  volts,  D.  C.  Appro-vals  173  and 
173A  issued- to  the  Fairfield  Engineering  Co.,  April  30,  1929. 

21.  Pit  car  loader;  1-hp.  motor,  230  volts,  D.  C,  Approval  174  issued  to 
•  Bertrand  P.  Trac:/  Co,,  May  22,  1929i 

22.  Pit  car  loader;  1-hp.  motor,  250-500  volts,  D.  C.  Approvals  175  and  175A 

issued  to  the  Chicago  Automatic  Conveyor  Co.,  July  26  and  June  24,  1929, 
respectively.  ,  '  , . 

23.  Pit  car  loader;  2-hp.  motor,  230.  volts,  D.  C.  Appro-^al  178  issued  to 
the  Northern  Conveyor  and  Manufacturing  Co.,  Oct,  5,  1929. 

24.  Pit  car  loader;  1  l/2-hp.  motor,  250-500  volts,  D.  C.  Appro-mis  179  and 
179A,  issued  to  the  Mancha  Storage  Battery  Locomotive  Co.,  Nov.  25  and 
Oct.  19,  1929,  respectively. 

25.  Type  L-2  loading  machine;  13  motors  aggregating  117-hp.,  250  volts,  D.  C. 
Approval  182,  issued  to  the  Oldroyd  Machine  Co.,  December  9,  1929. 

26.  Type  148-E  power  shovel;  22-hp.  motor,  220  volts,  D.  C.  Approml  186 
issued  to  Goodman  Manufacturing  Co.,  March  15,  1930, 

27.  Pit  car  loader;  1-hp.  motor,  250- 5’X  volts,  D.  C.  Approvals  187  and 
187A  issued  to  the  Bertrand  P.  Tracy  Co.,  March  19,  1930,  and  October 
17,  1930,  respectively. 
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28.  Type  44-C  loading  ruachine;  two  7  l/2-hp.  motors,  250-500  volts,  I).  C. 
Approvals  194  and  194A,  issued  to  The  Jeffrey  Manufacturing  Co.,  June 
6,  1930. 

29.  Tjrpe  636  AK-3  entry  loader;  35-hp.  motor,  220-440  volts,  A.  C.  Approv¬ 
als  196  and  196A,  issued  to  the  Goodman  Manufact£5ja?ing  Co.,  September 
29,  1930,  and  July  26,  1930,  respectively, 

30.  Pit  car  loader  (Type  38D) ;  3-hp,  motor,  220-440  volts,  A.  C.  Approvals 
200  and  200A  issued  to  The  Jeffrey  Manufacturing  Co.,  August  28,  1930. 

31.  Type  G  and  Mat  Type  face  conveyor;  2-hp,  motor,  230  volts,  D.  C. 

Approval  No.  203,  issued  to  Gellatly  &  Co.,  Inc,,  September  23,  1930. 

32.  Type  A  conveyor;  5-hp.  motor,  230  volts,  D.  C.  Approval  No,  205,  issued 
to  Gellatly  &  Co.'.  Inc.,  October  30,  1930. 

33.  Face  conveyor;  3-hp.  motor,  230  volts,  D.C.  Approval  No.  209  issued  to 
the  Fairmont  Mining  Machinery  Co.,  December  2,  1930, 

34.  Type  A  conveyor;  5-hp.  motor,  230  volts,  D.  C.  Approval  No.  212,  issued 
to  Gellatly  &  Co.,  Inc.,  December  26,  1930. 

35.  Type  44-C  loading  machine;  two  7-l/2-hp.  motors,  220-440  volts,  A.  C. 
Approvals  217  and  217A,  issued  to  The  Jeffrey  Manufacturing  Co,,  February 
27,  1931. 

36.  Gellatly  &  Co.  conveyor;  2-hr).  motor,  500  volts,  D.  C.  Approval  219A 
issued  to  Gellatly  &  CJo. ,  Inc.,  I^krch  11,  1931. 

37.  Type  VT(9  x  9-l/2)  shal:er  conveyor;  15-hp.  motor,  440  volts,  A.  C. 
Approval  22LA.  issued  to  Mavor  and  Coulson  (Ltd.),  April  22,  1931, 

38.  Type  148-K3  power  shovel;  35-hp.  motor,  220  volts,  A.  C.  Approval  222 
issued  to  Goodman  Manufacturing  Co,,  May  8,  1931. 

39.  Type  VT(12  x  9)  belt  conveyor;  1,5-hp.  motor,  440  volts,  A.  C.  Approval 
224A  issued  to  Mavor  and  Coulson  (Ltd.),  June  19,  1931. 

Coal  Drills 

1.  Type- 2-BF  drill;  1-hp,  motor,  80,110,  and  250  volts,  D.  C.  Approvals  109 
and  109A,  issued  to  Chicago  Pneumatic  Tool  Co,,  Sept,’  19,  1922. 

2.  Tyoe  CD  drill;  3/4-hp.  motor,  110-230  volts,  D.  C.  Approvals  110  and 
IlOA,  issued  to  Martin-Hardsocg  Co.,  Sept.  16,  1922. 

3.  Type  A-5  drill;  3-hp.  motor,  110-250  volts,  D.  C,  Approvals  119  and 
119A,  issued  to' The  Jeffrey  Manufacturing  Co.,  April  15,  1925, 
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4.  Tjn?e  56-A  drilling  machine;^ .2- type  A-5  Jeffrey  drills  on  truck,  propelled 
.^tiy,  13-lip.  motor,  260-500  volts,  D.  C.  Approvals  147  and  147A,  issued  to 

The  Jeffrey  Manufacturing  Co.,  J’ehraary  8,  1929. 

5.  .Model  A  drill;  1  3/4  hn,  motor,  250  volts,  D.  C.  Apuroval  154  issued  to 

Ohio  Brass  Co.,'  Aug.  1,  1928. 

6.  Class  CD-4  and  CD-5  self-propelled  coal-drilling  machine;  5-hp.  motor, 

250-500  volts,  D.  C.  Approvals  176  and  17GA  issued  to  Sullivan  Machinery 
Co. ,  September  9,  1929,  ’ 

7.  Class  CD-4  and  CD-5  self-propelled  coal-drilling  machine;  5-hp.  motor, 
250-500  volts,  D.  C,  Approvals  177  and  177A  issued  to  Sullivan  Machinery 
Co.,  September  13,  1929. 

8.  Type  AE-430  Siemens-Schuckert  drill; ‘l/2-hp.  motor,  250  volts,  D.  C.  Ap¬ 
proval  184  issued  to  the  Colonial  Supply  Co.,  February  7,  1930, 

Mining  l/Iachines 

1.  Type  CE-7  shortwall  mining  machine;  30-hp.  motor,  250-500  volts,  D.  C,  Ap- 
urovals  100  and  lOOA,  issued  to  Sullivan  Machinery  Co.,  Sept.  30,  and  Oct. 
20,  1914,  respectively. 

2.  Types  12-CC  and  12-EC  shortwall  mining  machines,  35-hp.  motor,  210-500 
volts  D.  C, ’  Approvals  101  and  lOlA,  issued  to  Goodman  Manufacturing  Co., 
May  20,  1916. 

3.  _  Type  35-B  shortwall  mining  machine,  35-hp.  motor,  250-500  volts,  D.  C. 

Approvals  103  and  103a,  issued  to  The  Jeffrey  Manufacturing  Co.,  Nov.  2, 
1917. 

»  .  » 

4.  Type  CE-7  shortwall  mining  machine,  30-hp.  motor,  220-440  volts,  A.  C. 
Ap'provals  104  and  104A,  issued  to  Sullivan  Machinery  Co.,  January  16, 

1919. 

5.  Tjrpes  12-CJ  and  12-EJ  shortwall  mining  machines;  50-hp.  motor,  210-500 
volts,  D.  C.  Approvals  105  and  105A,  issued  to  Goodman  ^^anufac tuning  Co., 
June  21,  1920. 

6. ^  Types  112-CC  and  112-EC  shortwall  mining  machines;  SO-hn.  motor,  210-500 

volts,  D.  C.  Approvals  106  and  106A,  issued  to  Goodman  Manufacturing  Co., 
Feb.  9,  1922. 

7.  Types  12-CC  and  12-EC  shortwall  mining  machines;  35-hp.  motor,  210-500 
volts,  D.  C.  Approvals  107  and  107A,  issued  to  Goodman  Manufacturing 
Co.,  Feb.  9,  1922. 

8.  Types  112-CJ  and  112-EJ  shortwall  mining  machines;  35-hp,  motor,  210-500 
volts,  D.  C.  Approvals  108  and  108A,  issued  to  Goodman  Manufacturing 
Co.,  Feb.  9,  1922. 
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9.  Type  35-BB  shorWall  mining  machine;  50-hp.  motor,  250-500  volts, 

D.  C.  Apnrovals  111  and  lllA,  issued  to  Jeffrey  Manufacturing 
Oo.,  Oct.  16,  1922. 

10.  Types  29-C,  29-D,  and  29-E  arcwall  mining  machine;  50-hp.  motor, 
250-500  volts,  D.  C.  Approvals  112  and  112A,  issued  to  Jeffrey 
Manufacturing  Co.,  March  13,  1924. 

11.  Types  212-EJ  and  212-CJ  shortwall  mining  machines;  50-hp.  motor, 
210-500  volts,  D.  C.  Approvals  113  and  113A,  issued  to  Goodman 
Manufacturing  Co.,  Nov.  4,  1924. 

12.  Types  112-CK3  and  112-EK3  mining  machines;  35-hp.  motor,  220-440 
•  volts,  A.  C.  Apnrovals  114  and  114A,  issued  to  Goodman  Manufac- 

'  turing  Co.,  Ech.  7,  1925. 

13.  Types  112-CL3  and  112-EL3  shortwall  mining  machines;  50-hp.  motor, 
220-440  volts,  A.  C.  Approvals  115  and  115A,  issued  to  Goodman 
Manufacturing  Co.,  Eeh.  7,  1925. 

14.  Tijroe  124- EJ  slabbing  machine;  50-hp.  motor,  210-500  volts,  D.  C. 
Approvals  118  and  118A,  issued  to  Goodman  Manufacturing  Co., 

Jilarch  12,  1925. 

15.  Type  30-A  shearing- drilling  machine;  50-hp.  motor,  250-500  volts, 

D.  C.  Approvals  125  and  125A,  issued  to  The  Jeffrey  Manufacturing 
Co.,  April  26,  1926. 

16.  Tyne  CLU  cutting-shearing  machine;  50-hp.  motor,  250-500  volts, 

D.  C.  Annrovals  134  and  134A,  issued  to  the  Sullivan  Machinery 
Co.,  March  18,  1927; 

17.  Type  CLE  longwall  mining  machine;  30-hp.  motor,  250-500  volts, 

D.  C.  Approvals  136  and  136A,  issued  to  the  Sullivan  Machinery 
Co.,  May  28,  1927. 

18.  Type  S-3  shearing  machine;  25-hp.  motor,  500  volts,  D.  C.  Approval 
MSA,  issued  to  Joy  Manufacturing  Co.,  Eeb.  8,  1928. 

19.  Type  B-2  mining  machine;  50-hp.  motor,  250-500  volts,  B.  C. 
Apnrovals  152  and  152A,  issued  to  Oldroyd  Machine  Co.,  June  15, 
1928. 

20.  Type  35-BB  shortwall  raining  machine;  50-hp.  motor,  220-440  volts, 

A.  C.  Approvals  153  and  153A,  issued  to  The  Jeffrey  Mfg.  Co., 

Aug.  1,  1928. 

21.  Types  224-EJ,  224-BJ,  and '424- BJ  slabbing  machine;  50-hp.  motor, 
250-500  volts,  D.  C.  Approvals  172  and  172A  issued  the  Goodman 
Manufacturing  Co.,  April  29,  1929, 
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22.  TyDe  CLE-2  longnall  mining  machine;  30-hp.  motor,  220-440  volts,  A.  C. 
Annroval  181  and  181A  issued  to  the  Sullivan  L.lachinery  Co.,  December  2, 
1929  and  January. o,  1930,  respectively. 

23.  Type  24-3  longwall  mining  machine;  35-hp.  motor,  220-440  volts, _ A.  C. 
Approvals  185  and  185A,  issued  to  The  Jeffrey  Manufacturing  Co.,  Febru¬ 
ary  24,  1930, 

24.  Tyne  CKJ  cut  ting- shearing  machine;  SO-ho.  motor,  220-440  volts, _  A.  C. 

Approvals  138  and  183A,  issued  to  the  Sullivan  Machinery  Co.,  April  15, 
1930.  ■  . 

25.  Type  CR-3  shortT7all  mining  machine;  30-hp.  motor,  220-440  volts,  A.  C. 
Approvals  191  and  191A  issued  to  the  Sullivan  ^chinery  Co.,  May  21, 

1930. 

26.  Type  CR-3  shortTrall  mining  machine;  30-hp.  motor,  250-500  volts,  D.  C. 
Approvals  192  and  192A,  issued  to  the  Sullivan  Machinery  Co.,  June  3, 

1930. 

27.  Type  35L  shortfall  .mining  machine;,  50-hp.  motor,  250-500  volts,  D.  C. 
Approvals  193  and  193A,  issued  to  The  Jeffrey  i/ianufacturing  Co.,  June  3, 

1930-  '  ,  . 

28.  Types  12EL-3  and  12CL-3  shortwall  mining  machines;  50-hp.  motor,  220-440 
volts,  A.  .C,  .  Approvals  197  and  197A,  issued  to  the  Goodman  Manufacturing 
Co.,  July  31,  1930. 

29.  Types  12-EK3  and  12-CZ3  shortwall  mining  machines;  35-hp.  motor,  220-440 
volts,  A.  C.  Approvals  198  and  198A,  issued  to  Goodman  Manufacturing 
Co.,  August  1,  1930, 

30.  Type  35-L  low  vein  cutting  machine;  50-hp.  motor,  220-440  volts,  A.  C. 
Approvals  201  and  201A,  issued  to  The  Jeffrey  Manufacturing  Co.,  Septem¬ 
ber  8,  1930, 

31'.  Types  CS-4  SwivelT-Shearer.,' cutting  machine ;  30-hp.  motor,  250-500  volts 
D.  C.  Approvals  202  and  202A,  issued  to  Sullivan  Jjiachinery  Co.,  Septem¬ 
ber  17,  1930. 

32.  Type  312-E.J.  shortwall  mining  machine;  50-hp.  motor,  210-500  volts, 

D.  C.  Approvals  204  and  204A  issued  to  the  Goodman  Manufacturing  Co., 
October  13,  1930  and  December  13,  1930,  respectively, 

33.  Types  124-CJ  and  324-CJ  slabbing  machines;  50-hp.  motor,  210-500  volts, 

D.  C.  Approvals  207  and  207A,  issued  to  the  Goodman  Manufacturing  Co. , 
November  14,  1930, 

34.  Type  524-E.,J.  sla thing  machine;  50-hp,  motor,  210-500  volts,  D.  C.  Ap¬ 

provals  216  and  216A  issued  to  the  Goodman  Manufacturing  Co,,  Februa.ry 
12,  1931.  ,  , 
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3-5.  Type  L-8C]^  longwall  mining  machine;  50-hp.  motor,  220-440  volts.  A.-  C« 
Approvals  218  and  218A  issued  to  the  Goodman  Manufacturing  Co.,  March 
10,  1931. 

36-.  "Samson"  Type  HT(12  x  II-I/2)  longwall  mining  machine,  35-hp.  motor,-  440 
volts,  A.  C.  A-oproval  220A  issued  to  Mavor  and  Coulson  (Ltd.),  April 
21,  1931. 

37.  Type  312-EIj3  shortwall  mining  machine;  50-hp.  motor,  220-500  volts,  D.  C. 
Approvals  223  and  223A,  issued  to  the  Goodman  Manufacturing  Co.,  May  13, 
1931. 

Room  Hoists 

1.  Oaks  safety  room  hoist;  5-h-o.  motor,  250-500  volts,  D.  C.  Approvals  116 
and  116A,  issued  to  South  Fork  Foundry  and  Llachine  Co.,  Feh.  13,  1925. 

•  •  f  - 

2'.  Brovmie  room  hoist;  5-hp.  motor,  250-500  volts,  L.  C.  Approvals  162  and 
162A,  issued  to  Brown-Fayro  Co.,  Uov.  30,  1928. 

^3»  Type  HDE-4  room  hoist;  10-hp,  motor,  250-500  volts,  D.  C.  Approvals  164 
and' 164A,  issued  to  Sullivan  Machinery  Co.,  Jan.  4,  1929. 

4.  Type  EE-5  room  hoist;  10-hp.  motor,  250-500  volts,  D.  C.  Approvals  165 
and  165A,  issued  to  Sullivan  Machinery  Co.,  Jan.  4,  1929. 

5.  Brownie  model  HG  room  hoist;  5-hp.  motor,  250  volts,  'D.  C.  Approval  169, 
issued  to  the  Brown-Fayro  Co.,  April  5,  1929. 

6.  Room  hoist;  5-hp.  motor,  230  volts,  D.  C.  Approval  190  issued  to  the 
Flood  City  Brass  and  Electric  Co.,  April  29,  1930. 

Mine  Pumps  •  ' 

1.  Fairmont  Ho.  1  mine  pump;  5-hp.  motor,  115,  230,  and  500  volts,  D.  C. 
Approvals  140  and  140A,  issued  to  Westinghouse  Electric  &  Jlanufac tuning 
Co.,  Hov.  1,  1927. 

2.  Deming  "Oil  Rit?-"  mine  p-ump;  5-hp.  motor,  115,  230,  and  500'  volts,  D.  C. 
Approvals  j.4i  md  141A,  issued  to  Westinghouse  Electric  &  Manufacturing 
Co.,  Nov.  1,  1927. 

3.  Scranton  5  hy  6  mine  tump;  5-hp.  motor,  115,  230,  and  500  volts,  D.  C. 
Approvals  143  and  143A,  issued  to  Westinghouse  Electric  &  Manufact-oring 
Co.,  Nov.  1,  1927. 

4.  Weiimaan  "Self-Oiler"  mine  pump;  5-hp.  motor,  115,  230,'  and  500  volts, 

D.  C.  Approvals  144  and  144A,  issued  to  Westin^ouse  Electric  &  Manufac¬ 
turing  Co.,  Nov.  1,  1927.  '  .  ■  '  “ 
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5. 


6. 

7. 


8. 


9. 

10. 

11. 


12. 


13. 


14. 


15. 


16. 


17. 


1. 


Austin  5  ty  6  mine  "pump;  5-lin.  motor,  115,  2.30,  and. 500,  yoltq,  D.  C.- 
Approvals  145  and  145A,  issued  to  Westin^buse  Electric"!  &  fianujfacturing 
Co.,  Eov.  18,  1927. 


*  *  ’  t  ' 

Austin  4  by  5  mine  pump;  3-lip.  motor,  230  volts,  E^,.  C.  ;  Appy oval  157, 
issued  to  General  Electric  Co.,  Aug.  23,  1928.’ 


Austin  5  by  6  mine  pumu;  5-hp.  motor,  230-500  volts,  D.  C.  Approvals!  158 
and  158A,  issued  to  General  Electric  Co.,  Aug.  27,  1928. 


Deming  "Oil-Rite"  mine  pump;  3-hp.  motor,  230  volts',  .1).  C.. 
issued  to  General  Electric  Co.,  Nov.  9,  1928. 


I 


-161, 


Deming  "Oil-Rite"  mine  pump;  5-hp.  motor,  230  volts,  D.  C. Approval  163, 
issued  to  General  Electric  Co.,  Dec.  7,  1928.  -i 


Scranton  5  by  6  mine  pump;  5-hp.  motor,  250-500  volts,  D.  C.  Approvals  . 
170  and  170A,  issued  to  the  Goodman  Manufacturing  Co.,  April  9,  1929.’ 

Austin-Brownie  5  by  6  "Perfect  Oiler"  mine  pump;  5-hp.  motor,  250-500 
volts,  D.  C.  Approvals  199  and  199A,  issued  to  The  Brown-Eayro  Co., 
August  13,  1930. 

Boyts-Porter  and  Company  t;';pe  No.  6501  mine  pump;  5-hp.  motor,  230  volts, 
D.  C.  Approval  208  issued  to  Westin^.ouse  Electric  &  Ifenufac tuning  Co., 
November  29.,  1930. 


Eairmont  Mining  Machinerjr  Co.  50-gal.  mine  pump;  5-hp.  motor,  230-500 
volts,  D.  C.  Approvals  210  and  210A  issued  to  the  Eairmont  Mining 
Machinery  Co.,  December  15,  1930. 

Eairmont  Mining  Machinery  Co.,  100-gal.  mine  uump;  5-hT).  motor,  230-500 
volts,  D.  C.  Approvals  211  and  211A  issued  to  the  Eairmont  Mining  Ma¬ 
chinery  Co.,  December  17,  1930. 

Eairmont  Mining  Machinery  Co.  100-gal.  mine  pump;  10-hp.  motor,  230-500 
volts,  D.  C.  Approvals  213  and  213A  issued  to  the  Eairmont  Mining  Ma¬ 
chinery  Co.,  December  29,  1930. 

Eairmont  Mining  Machinery  Co.  100-gallon  mine  pump;  7-l/2-hp.  motor,  230- 
500  volts,  D.  C.  Apurovals  214  and  214A  issued  to  the  Eairmont  Mining 
Iviachinery  Co.,  January  2,  1931. 

5h.irmont  Mining  Machinery  Co.  50-gallon  mine  pump;  3-hp.  motor,  230-500 
volts,  D.  C.  Apurovals  215  and  215A  issued  to  the  Fairmont  Mining  Ma¬ 
chinery  Co.,  January  2,  1931. 

Concrete  Mixers 


Austin-type  concrete  mixer;  5-hp.  motor,  115,  230,  and  500  volts,  D.  C. 
Approvals  142  and  142A,  issued  to  Westin^ouse  Electrir.  ^  Mannfactuvin^ 
Co.,  Nov.  1,  1927. 
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1. 

2. 


3, 


4. 


5. 


6. 

7. 


8. 


1. 


2. 


3. 


4. 


5. 


Rock- Das  ting  Machine 

*  t 

M.S.A.  Co.  r ode-dusting  machine;  &rhr).  motor,  230  volts,  D.  C.  Approval 
130,  issued  to  Mine  Safety  Appliances  Co.,  November  5,  1926, 

Diamond  Machine  Co.  rock-dusting  machine;  15-hp.  motor,  230  volts,  D.  C. 
Apnroval  131,  issued  to  Diamond  Machine  Co.,  December  28,  1926. 

M-S.A.  Co.  rock-dusting  machine;  15-hp.  motor,  230  volts,  D.  C,  Approval 
137,  issued  to  Mine  Safety  Appliances  Co.,  July  2,  1927, 

Type  125  rock-dusting  machine;  12-hp,  motor,  250-500  volts,  D.  C.  Ap¬ 
provals  146  and  146A,  issued  to  Mine  Safety  Appliances  Co.,  Jan.  20,  1928, 
and  April  3,  1928,  respectively. 

Type  H  rock-dusting  machine;  20-hp.  motor,  230  volts,  D.  C,  Approval  180, 
issued  to  The  American  Mine  Door  Co.,  Oct.  30,  1929. 

Diamond  Ifechine  Co.  rock-dusting  machine;  12-hp.  motor,  95  volts,  D.  C. 
Approval  183,  issued  to  Diamond  Machine  Co.,  February  4,  1930. 

Diamond  Machine  Co.  .rock-dusting  machine;  15-hp.  motor,  230  volts,  D.  C, 
Approval  195  issued  to  Diamond  Machine  Co.,  July  24,  1930, 

Type  65  rock-dusting  machine;  5-hp,  motor,  220  volts,  A.C.  Approval  206, 
issued  to  Mine  Safety  Appliances  Company,  November.  12,  1930, 

PEEiJlISSIBLS  ELECTRIC  SWITCHES  AND  JUNCTION  BOXES 


Approved  Under  Schedule  4A 

f 

Enclosed  2-pole  fused  sT7itch-200  amperes,  250  volts;  100  ampere's,  500 
volts,  D.  C,  Approvals  400  and  400A,  issued  to  The  Ohio  Brass  Co., 

Jnne  16,  1928,  and  Aug.  5,  1925,  respectively. 

Enclosed  2-pole  fused  switch  -  250  amperes,  250  volts;  150  amperes,  500 
volts,  D.  C.  Approvals  401  and  401A,  issued  to  the  Sullivan  IvJachinery 
Co.,  May  11,  1927. 


Enclosed  3-pole  fused  switch  -  250  amperes,  220  volts;  150  amperes,  440 
volts,  A.  C.  Approvals  402  and  402A,  issued  to  the  Sullivan  Machinery 
Co. ,  May  11,  1927, 


Enclosed  3-pole  fused  switch  -  200  amperes,  220  volts;  100  amperes,  440 
volts,  A.  C.  Approvals  403  and  403-A,  issued  to  Goodman  Manufacturing 
Co.,  April  14,  1931. 


Enclosed  3-pole  automatic  oil-immersed  circuit  breaker,  type  A141B1,  45 
amperes,  440  volts,  A.  C.  Approval  404A,  issued  to  Mavor  and  Coulson 
(Ltd.),  April  16,  1931. 
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PERMISSIBLE  ELECTRIC  LAMPS  EOR  MIEER3 

1 •  '  r ' ' 

Aipbrbved  Under  Schedules  6A  and  6B 

1.  Edison  Model  ’’C”  lanro.  Approval  10,  issued  to  Edison  Storage  .Battery  Co., 
PeL.  24,  1915. 

2.  Wheat  Model  C  lamp.  Approval  17,  issued  to  Koehler  Manufacturing  Co., 
Inc.,  April  30,  1929.  (A  modification  of  the  Model  A  lamp  approved 
Sept.  23,  1919). 

3.  Edison  Model  H  lamp.  Approval  18,  issued  to  Edison  Storage  Battery  Co.,' 
January  6,  1930.  (A  modification  of  the  Model  E  lamp  approved'Mar.  28, 
1923). 

4.  EIvI-6  f.  d.  Ceag  lamp.  Approval  19,  issued  to  Concordia  Electric  Co., 

Aug.  2,  1923. 

5.  Super-wheat  ^odel  X  lamp.  Approval  20,  issued  to  Koehler  Manufacturing 
Co.,  Inc.,  Jan.  30,  1929.  (A  modification  Of  the  original  Super-wheat 
lamp  approved  April  27,  1926). 

6.  RL;I-7  Ceag  lamp.  Approval  21,  issued  to  Concordia  Electric  Co.,  Jurie  18, 

1926.  ,  ^  ,,  . 

7.  Edison  Model  G  lamp.  Approval  22,  issued  to  Edison  Storage  Battery  Co., 
Nov.  16,  1927. 

8.  T31A-Q  Ceag  lamp.  Approval  23,  issued  to  Concordia  Electric  Co.,  April  3, 
1928. 

9.  Edison  Model  J  lamp.  Approval  24,  issued  to  Edison  Storage  Battery  Co., 
June  22,  1931. 

PERinSSIBLE  .  FLAME  SAFETY  UIBS 
Approved  under  Schedules  7,  7A.  and  7B 

1.  Koehler  steel  frame  lamp,  flat  wick.  Approval  201,  issued  to  Koehler 
Manufacturing  Co.  (inc,),  Aug.  21,  1915. 

2.  Koehler  Steel  frame  lamp,  round  wick.  Approval  201A,  issued  to  Koehler 
Manufacturing  Co.  (Inc.),  July  29,  1918. 

3.  Koehler  Aluminum  frame  lamp,  flat  wick.  Approval '203,  issued  to 'Koehler 
Manufacturing  Co.  (Inc.),  Feh.  7,  1919. 

4.  Koehler  Aluminum  frame  lamp,  round  wick.  Approval  203A,  issued  to  Koehler 
Manufacturing  Co.  (inc.),  Fe'b.  7,  1919. 
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5.  Wolf  crrics  frame  lam-o,  round  wick.  Approval  204,  issued  to  Wolf  Safety 

Co.  of  America  (Inc.),  July  18,  1921. 

6.  Wolf  Aluminum  frame  lamp,  round  wick.  Approval  205,  issued  to  Wolf 
Safety  Lamp  Co.  of  America  (Inc.),  April  24,  1924. 

7.  Wolf  Aluminum  frame  lamu,  flat  wick.  Approval  206,  issued  to  Wolf  Safety 
I<ainp  Co.  of  America  (Inc.),  April  24,  1924, 

8.  Wolf  TDrass  frame  lamp,  flat  wick.  Approval  208,  issued  to  Wolf  Safety 
lamp  Co.  of  America  (Inc.),  March  14,  1927. 

PEEIilSSIBLE  ELECTEIC  HAUL  AND  TRIP  LAMPS 
Approved  under  Schedule  IQA 

!•  Type  EMO-BMCT  Ceag  hand  and  trip  lamp.  Approval  1000,  issued  to  Concordia 
Electric  Co.,  May  25,  1922, 

2.  Model  E  inspection  lamp.  Approval  1001,  issued  to  ^ine  Safety  Appliances 
Co.,  July  28,  1925. 

3.  Model  E  signal  lamp,  Anproval  1002*  issued  to  Mine  Safety  Apuliances  Co,, 
December  i8,  1927. 

4.  Model  E  hand  lamp.  Approval  1003,  issued  to  Mine  Safety  Appliances  Co,, 
Jan,  12,  1928. 

5.  Super-Wheat  hand  lamp.  Apnroval  1004,  issued  to  Koehler  Manufacturing 
Co.,  (Inc.),  July  19.  1928. 

6.  Super-Wheat  stevedore  lamp.  Approval  1005,  issued  to  Koehler  Manufactur¬ 
ing  Co.,  (Inc.),  August  3,  1928. 

PERMISSIBLE  ELECTRIC  FLASH  LAMPS 
Apnroved  Under  Schedule  11 

1.  Eveready  safety- type  flash  lamp.  Approval  601,  issued  to  National  Carbon 
Co.  (Inc,),  Oct,  22,  1924, 

2.  Bond  safety-type  flash  lamp;  Anproval  602  issued  to  Bond  Electric  Corpor¬ 
ation,  April  6,  1931, 

PERMISSIBLE  ELECTRIC  FLOOD  LAMPS 
(Portable  Type) 

An-proved  Under  Schedule  lOA 

1,  Model  E  and  G  portable  electric  floodli^t.  Approvals  1006E  and  1006(r, 
issued  to  the  Mine  Safety  Appliances  Co,,  February  11,  1931. 
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PmilSSIBLS  MEmilE  nElPSCTORS 

•  t  *  •  ,  ’ 

Approved  Under  Schedules  7B  and  8B 

1.  Biarrell  indicating- type  detector.  Approval  800,  issued  to  Mine  Safety 
Appliances  Co.,  March,  10,  1922. 

3,  Wolf  detector,  flame  type.  Approval’  207,  issued  to  Wolf  Safety  Lamp  Co. 
of  America  ^nc.),  Hov.  21,  1924, 

V  •  ,  ,  • 

3.  Martienssen  detector.  Approval  801,  •  issued  to  the  Gesellschaft  f-ur 
nautische  Instrumente,  Kiel,  Germany,  January  9,  1928, 

4.  "U.C.C.”  indicating-type  detector.  Approval  802,  issued  to  Oxreld  Acety¬ 
lene  Co.,  Hov.  27,  1928, 

PERMISSIBLE  MIES  TELEPHOEES 
Approved  Under  Schedule  9A 

1.  Western  Electric  mine-type  telephone.  Approval  901,  issued  to  the  Western 
Electric  Co.  (inc,),  July '16*  1927.- 

PERl^ESSIBLE  SIEGLE-SHOT  BLASTING  mUTS 
Approved  Under  Schedule  12 

1.  M.S.A.  hattery-type  “blaster .  (Edison  Mbdel  C  mine  lamp  "battery  with  "blast¬ 
ing  attachment, )  Approval  1200,  issued  to  Mine  Safety.  Appliances  Co., 

May  24,  1924. 

2.  Davis  No,  0  magneto-type  "blaster.  '  Appro-val  1201,  issued  to  Davis  Instru¬ 
ment  Manufacturing  Co.  (Inc.),  March  15,  1921. 

-f 

3.  Du  Pont  Pocket  magneto- type  "blaster.  -  Approval  1202,  issued  to  E.  I.  Da 
Pont  de  Nemours  &  Co.,  Aug.  15,  1924. 

4.  Davis  No.  00  magneto- type  "blaster.  Approval  1203,  issued  to  Davis  Instru¬ 
ment  Manufacturing  Co.  (Inc.),  Oct.  17,  1924. 

5.  Concordia  "battery-tipDe  "blaster.  (Concordia  type  E^-6’f.d,  mine  lamp 
"battery  with  "blasting  attachment.)  Approval  1204,  issued  to  the  Con- 
'cordia  Electric  Co.,  March  2,  1925. 

\ 

6.  M.S.A.  "battery-type  "blaster.  (Edison  Model  S  mine  lamp  "battery  with 
"blasting  attachment.)  Approval  1205,  issued  to  the  Mine  Safety  Appli-.  ‘ 
ances  Co.,  April  23,  1925. 

7.  Eveready  dry-cell-type  "blaster.  Approval  1206,  issued  to  National  Car"bon 
Co.  (inc.),  Aug.  20,  1925. 


9932 


-  13  - 


I.c*  6538 


8.  Davis  No.  000  inagneto-type  ttlaster.  Approval  1207,  issued  to  Davie  Instru¬ 
ment  Manufacturing  Co.  (Inc.),  Nov.  18,  1926. 

PEBIfrsSIBLE  STOHAGS  BATTERY  LOCOMOTIVES  AND  POWER  THUCKS 
Approved  Under  Schedules  15  and  2C 

Gathering  Locomotives 

1,  Whitcomh,  E.  S.  B,  flame-proof  locomotive.  Approval  1500,  issued  to  Geo. 
D.  Whitcomh  Co.,  March  14,  1921.5 

2,  Jeffrey  type  B.D.M.  class  40  locomotive.  Approval  1501,  issued  to  The 
Jeffrey  Manufacturing  Co.,  October  11,  1921. 

3,  Mancha  flame-proof  "Hercules'^  locomotive.  Approval  1502,  issued  to  the 
Mancha  Storage  Battery  Locomotive  Co. ,  Nov,  13,  1922. 

4,  Ironton  type  W.  0«G.  locomotive.  Approval  1503,  issued  to  Ironton  Engine 
Co.,  March  24,  1923. 

5,  Mancha  Hercules  A  and  AX  locomotives.  Approval  1505,  issued  to  the  Mancha 
Storage  Battery  Locomotive  Co.,  April  5,  1924. 

6,  Jeffrey  type  B.D.M.  Class  25  locomotive.  Approval  1507,  reissued  to  the 
Jeffrey  Manufacturing  Co.,  Aug.  20,  1925. 

7,  Goodman  Type  10-30  locomotive.  Approval  1508,  issued  to  the  Goodman  Manu¬ 
facturing  Co.,  March  21.  1925. 

8,  Goodman  Type  8—30  locomotive.  Approval  1509,  issued  to  the  Groodman  Manu¬ 
facturing  Co.,  September  25,  1925. 

9,  .Ivlancha  Standard  A,  AN,  and  AX  locomotives.  Approval  1511,  issued  to  Mancha 
Storage  Battery  Locomotive  Co.,  Nov.  10,  1925. 

10,  Wes tin^ous e-Baldwin  locomotive.  Approval  1512,  issued  to  >Westin^ouse 
Electric  &  Manufacturing  Co.,  Nov.  11,  1925. 

11.  General  Electric  type  LSBE-2C6-C9  locomotive.  Approval  1513,  issued  to 
General  Electric  Co.,  February  25,  -1926, 

12.  Jeffrey  Type  B.D.M.  25  Form  H.  Locomotive.  Approval .1516,  issued  to  The 
Jeffrey  Manufacturing  Co,,  December  28,  1926. 

13,  Atlas  Type  B  locomotive.  Approval  1517,  issued  to  Atlas  Car  &  Manufactur¬ 
ing  Co.,  Feb.  10,  1927. 


5  This  approval  was  rescinded  for  cause  on  May  12,  1931,  without  prejudice  to 
the  successor  company.  The  Whitcomb  locomotive  Co, 
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14.  ^.lancha  2-motor  locomotive;  A-oproval  1520,  issued  to  the  Mancha  Storage 
Battery  Locomotive  Co.,  May  27,  1929. 

15.  Jeffrey  type  IlA-15  locomotive.  Approval  1521,  issue{i  to  The  Jeffrey 
Manufacturing  Co.,  June  13,  1930. 

16.  General  Electric  tyue  LSB-2C5-E-324  locomotive.  Approval  No,  1522, 
issued  to  the  General' Electric  Co.,  Sept^nher  12,  1930. 

17.  “Midget”  locomotive.  Approval  No.  -  1523,  issued  to  the  Westin^ouse 
Electric  &  Manufacturing  Co.,  December  19,  1930,  • 

Main- Line  Haulage  Locomotive 

1.  Jeffrey  Tjrpe  E.D.M*  Class  30  main-line  haulage  locomotive.  Approval 
1510,  issued  to  Jeffrey  Manufacturing  Co,,  Oct,  12,  1925, 

Power  Trucks 

1.  Mancha  power  tank.  Approval  1506,  issued  to  Mancha  Storage  Battery’’  Loco¬ 
motive  Co.,  May  5,  1924. 

2,  Mancha  power  tank  and  gatherir.g  locomotive,  Apuro’ml  1505A,  issued  to 
Mancha  Storage  Battery  Locomotive  Co.,  June  21,  1926. 

'3.  Jeffrey  power  truck  and  main-line  haulage  locomotive.  Approval  1510-C, 
issued  to  The  Jeffrey  Manufacturing  Co.,  Dec.  31,  1926. 

4,  Mancha  nonproT>elled  power  truclc,  Anproval  1514,  issued  to  Mancha  Storage 
Battery  Locomotive  Co.,  Decern "ber  13,  1926. 

5,  Jeffrey  power  truck,  ApprcTal  1515,  issued  to  The  Jeffrey  Ijianufa.ct’uring 
Co,,  December  28,  1926. 

6,  Westin^ouse  power  truck.  Appro’val  1512-C,  issued  to  Westingho’ose 
Electric  and  Manufacturing  Co.,  Sept,  13,  1928. 

7,  General  Electric  type  LSBE-2C6-G12  power  truck  and  gathering  locomotive. 
Appro’Tal  1519-C,  issued  to  the  General  Electric  Co.,  April  6,  1929, 

Tandem  Locomotives 

1,  Jeffrey  tandem  locomotive.  Ap’cro’val  1518,  issued  to  the  Jeffrey  I4anu- 
facturing  Co.,  Nov.  21,  1927. 
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APPENDIX 

Specially  Reccxnmended  Trailing  Cables 
(Listed  according  to  their  Bureau  of  Mines  symbol  numbers) 

1.  a4-l  "Hazacord"®  No.  2  twin  cable  (19  x  7  stranding)* 

2.  BM-2  "Hazacord”  No.  5  twin  cable  (19  x  7  stranding). 

3.  ai-3  ‘^Hazacord”  No.  4  twin  cable  (19  x  7  stranding). 

4.  34-4  Eome  ’’Super-Service”^  No.  3  twin  cable  (7  x  19  stranding). 

5.  BM-5  Rome  ’’Super-Service”  No.  2  twin  cable  (7  x  19  stranding). 

6.  EM-5  Rome  ’’Su'per-Service"  No.  4  twin  cable  (7  x  19  stranding). 

7.  BM-7  Rome  ’’Super-Service”  No.  4  twin  cable  (7  x  7  stranding). 

8.  34-8  CkocordS  No.  2  twin  cable  (19  x  7  stranding). 

9.  EM-9  Tirex^  No.  2  twin  cable  (7  x  19  stranding). 

10.  BM-10  Tirex  No.  3  twin  cable  (7  x  19  stranding). 

11.  BA- 11  Tirex  No.  4  twin  cable  (7  x  19  stranding). 


6  Manufactxired  by  the  Hazard  Insulated  Wire  Works,  Division  of  the  Okonite  Co. 

7  Manufactured  by  the  General  Cable  Corporation. 

8  Manufactured  by  the  Okonite  Co. 

9  Manufactured  by  the  Simplex  Wire  &  Cable  Co. 
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November,  1931 


Department  of  Commerce 


UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 
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IHTPuODUCTIOiJ 


Tourmalines  are  among  the  most  beautiful  of  all  the  semiprecious  stones, 
and  are  unsurpassed  even  by  corundum  in  variety  of  hue.  The  stones  most 
suited  to  jewelry  purposes  are  those  comparatively  free  frcm  iron.  One 
reason  for  the  fact  that  the  tourmaline  has  advanced  rapidly  in  public  favor 
in  this  country  is  that  it  is  found  in  California  in  great  pi'o fusion  and  of 
extraordinary  quality.  The  s’operb  green  and  especially  the  pink  crystals 
found  at  Pala  and  Mesa  Grande  in  San  Diego  County,  Calif.,  are  deemed 
superior  to  tourmalines  from  all  other  localities. 

DESGHIPTICH  Aid)  PHOPSHTIBS 

Tourmalines  are  borosilicates  of  very  complex  composition.  Authorities 
differ  as  to  the  correctness  of  the  formula,  but  it  is  often  written 

in 'which  R  may  include  lithi-um  and  other  alkalies,  raagnesi'um, 
calci-um,  manganese,  iron,  and  al’uminum.  Fluorine  likewise  may  be  present. 

1  -  The  Bureau  of  Mines  Vvill  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6539." 

2  -  Rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Hines. 
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The  mineral  is  commonly  fo'ond  in  well-developed,  prianatic,  vertically 
grooved  or  striated  crystals  of  the  he.magonal  system.  The  crystals  usually 
exhibit  a  rouiided  triangular  outline,  and  different  crystal  forms  are  pre¬ 
sent  at  the  opposite  ends.  This  polar  character  is  further  evidenced  by  the 
electrical  properties  of  tourmaline. 

Tourmaline  has  no  well-defined  cleavage,  and  its  fracture  is  from  sub- 
conchoidal  to  uneven.  It  is  optically  negative  and  has  a  strong  birefringence 
(0*020).  Its  mean  index  of  refraction  is  near  1.63,  and  the  dispersion  is 
0.016.  The  most  prominent  cliaracter  of  this  mineral  is  its  strong  dichroism, 
and  therefore  stones  are  usually  cut  so  that  both  of  the  dichroic  colors 
be  seen  as  the  stone  is  turned  in  various  directions. 

The  hardness  is  about  the  seme  as  quartz,  from  7  to  7.5  on  Moh’ s  scale, 
but  it  is  slightly  heavier,  the  specific  gravity  ranging  from  2.9  to  3.2. 
Tourmaline  has  a  vitreous  luster,  and  while  the  li^t  colored  stones  are  more 
or  less  tranig)arent,  the  black  and  brown  varieties  are  generally  opaque. 
However,  usually  the  tourmaline  that  is  rich  in  allcalies  is  transparent. and 
possesses  most  attrantive  colors.  The  varieties  used  as  gems  are  achroite, 
colorless;  Brazilian  emerald,  green;  Brazilian  peridot,  yellowish  green; 
Brazilian  sapphire,  blue;  indicolite,  dark  blue;  peridot  of  Ceylon,  honey- 
yellow;  rubellite,  rose-red  or  pink;  and  siberite,  violet.  The  iron  tour- 
madine  or  schorl  is  black,  and  the  magnesium  tourmaline  is  broT,7n. 

In  the  alloali  touraalines  the  colors  are  frequently  arranged  in  regular 
Zones  or  bands.  These  zones  may  be  horizontal,  running  across  the  crystals; 
or  the  colors  may  be  arranged  in  vertical,  scmiewhat  cylindrical  zones, 
X)arallel  to  the  prism  faces  of  the  crystal.  The  typical  arrangements  of  the 
colors,  however,  are  as  follows:  Green  at  one  end  and  red  at  the  other,  with 
a  narrow  colorless  zone  between;  green  followed  by  yellow,  red,  and  green 
again;  or,  perhaps  crinson  or  green  tipped  with  black.  In  Brazilian  stones 
the  core  is  generally  red,  with  a  marginal  zone  of  green  and  an  intermediate 
colorless  band;  the  southern  California  stones  are  usually  green  inside  and 
red  outside. 


The  following  is  a  list  of  gem  and  trade  names  of  the  tourmaline  mineral 
group : 


Gem  llame _ 

Achroite 

Andalusite 

Aphrizite 
Brazilian  emerald 
Brazilian  peridot 
Brazilian  sapphire 
Ceylon  chrysolite 
Ceylon  peridot 
Bravite 
Emeralite 


_ Common  >Tame  or  Description _ 

Colorless  or  white  tourmaline. 

Silicate  of  aluminum;  also  trade  name  for  brown 
tourma-line. 

Blade  tourmaline. 

Green  tourmaline. 

Yellow-green  tourmaJine. 

Li^t— blue  or  greenish  topaz;  also  blue  tourmaline. 
Yellowish  green  or  greenish  yellow  toumaline. 
Honey-yellow  or  yellowish  green  tourmaline. 

Brown  tourmaline. 

Green  and  bluish  green  tourmaline  from  San  Diego 
County,  Calif. 
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Gem  Name _ 

Indicolite 
Peridot  of  Ceylon 
Precious 
Rubellite  ’  - ! 
Schorl 

Siberian .ruby 
Siberite 


_ Common  Rame  or  Description _ 

Blue  touimaline. 

Same  as  Ceylon  peridpt,  honey-yellow  tourmaline. 
Tourmaline.  \  . 

•Pinlc  and  red  touimaline.  '  ,  'v 
Blade  touimaline. 

;Hed  tourmaline. 

^Violet-red  tourmaline. 


USES 


The  fact  that  tourmaline  is  soft  and  consequently  not  very  durable  dis¬ 
courages  its  use  where  it  is  likely  to  encotinter  hard  wear.  Although  well 
suited  for  pendants,  brooches,  and  like  articles,  the  stone  must  be  carefully 
protected  by  the  setting  when  mounted  in  rings.  It  is  admirably  fitted  for 
use  in  any  article  of  jewelry  in  which  a  large  central  stone  is  required.  Ir 
the  cutting  of  gem  tourmaline  various  styles  are  used.  Occasionally  it  is 
..sufficiently  fibrous  in  structure  to  display,  when  cut  "en  cabochon,”  a  pro¬ 
nounced  chat oyancy X play  of  colors)',  but;  like  all  colored  stones,  it  is 
generally  brilliant— cut  in  front  and' step-cut  at  the  back. 

Tourmaline  is  also  used  in  the  manufacture 'of  tourmaline  tongs  and  in 
measuring  the  intensity  of  .radium  emanations. 


Ordinary  black  tourmaline  Usually  has  no  commercial  value- "but  the  United 
States  Bureau  of  Mines  has  received  one  or  two  inquiries  for  small  lots  of  a 
few  pounds  for  e3q)erimental  purposes,  probably  in  connection  with  radio  or 
other  electrical  work. 

‘  ^  v  'llCTTin  ,  ; 

Tourmaline  is  recognized  chiefly  by  the  dmract eristic  rounded  triangu¬ 
lar  cross  section  of  its  crystals.  It  is  easily  distingui^ed  from  topaz, 
because  the  latter  is  about  30  per' cent  heavier  than  either 'tourmaline  or 
quartz.  Its  range  of  refractivity,  ,on  the  other  hand,  overlaps  that  of  topaz 
althou^  the  latter  has  a  much  smaller  double  refraction  by  yhich  it  may  be 
distinguished- readily.  '  Unmounted  stones  a^e  distinguished  even  more  easily, 
because  touimaline  floats  in  methylene "io^de,  whereas  topaz  sinks. 

Another  distinguishing  feature  of  tourmaline .  is  that  it  is  strongly  pyro¬ 
electric,  and  ^en  cooling  after  being  heatted  it  will  develop  positive  elec- 
tricity'at  one  end  of  the  crystal  and  negative  at  the  other.  It  is  also 
strongly  dichroic,  and  li^t  traversing' the  .crystal  in  one 'direction  may  be 
quite  a  different  color  or  shade  of  color  from  that  traversing  the  crystal 
in  a  directio.n  at  right  angles  to  the  first. 

SUBSTITUTES'' 


Tourmalines  are  remarkable  for  certain  optical  properties  wiiich  they 
possess  and  vdiich  render  them  practically  incapable  of  being  successfully 
imitated.  However,  there  is  little  or  no  commercial  advantage  in  manufacture 
ing  artificial  tourmalines,  due  to  their  relatively  low  value  and  abundance 
in  many  localities. 
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HISTORY  .  : 

Althoru^  tourmalineB  vrere  no  doubt  knom  to  .tbe  ancients,  it  was  a  long 
time  before  the  present  name  was  adopted.  The  name  of  the  species  is  derived 
from  the  ancient  Sinhalese  word  tmmali ,  and  not  turamali,  #iich  is  applied 
by  the  natives  of  Ceylon  to  the  yellow  zircon  of  that  island.  . 

As  the  story  goes,  one  warn  snmmer’s  day  early  in  the  oi^teenth  century, 
some  children  of  Amsterdam  were  playing  with  stones  brou^t  home  by  Dutch 
navigators  and  noticed  the  strange  attractive  powers  developed  by  the  exposure 
of  the  stones  to  the  heat  of  the  sun.  Their  parents,  summoned  to  view  the 
phenomenon,  were  likewise  astonished  to  find  that  ,  these  stones  could  attract 
or  repel,  with  a  decided  force,  ashes,  straws,  a^d  other  ii^t  substances. 

The  Dutchmen  proceeded  to  call  them  aschentrecker s .  or  **aeh~drawers.'’  Schorl, 
a  subsequent  title,  afterwards  gave  way  in  favor  of-tourmaline.  - 

MODE.OF  OCCUEBEHCE 

Tourmaline  occurs  in  Compact'  or  disseminated  masses  in  rock  and'  as  loose, 
roTinded  crystals  in  secondary  deposits.  It  is  a  common  accessory  mineral  in 
pegmatites  associated  •with  granite  intrusions,'  and  also  in  metamorphic  rocks, 
such  as  gneisses,  schists,  and  crystalline  limestones.  The  light-colored  gem 
varieties  are  found  chiefly  in  pegmatites.  The  minerals  ordinarily  found 
associated  with  tourmaline  are  orthoclase,  albite,  quartz,  muscovite, : 
lepidolite,  beryl,- apatite,  fluorite,  etc. 

MINING  METHODS 

Generally,  in  mining  for  tourmalines, '.the  rock  is  drilled  by  hand  and 
the  blasting  is  done  with  black  powder  in  preference  to  dynamite,  so  as  to 
minimize  the  risk  of  shattering  the  valtakble  .gem  material,  ‘l^ere  a  consider¬ 
able  thickness'  oi  Schist  overlies  the  pocket^bearing  layer,,  tunneling  is  the 
most  economical  method  of  working.  After  the  rock  is  broken,  the.  to'urmaline 
crystals  are  ranoved  carefully  by  hand.  • 

DaffiSTIC  PRODUCTION  . 

The  value  of  the  production  of  to'unnaline  in  the  United  States  at  one 
time  'VTas  of  considerable  importance.  Dioring;  the  period  of  1902-1910,  inclu¬ 
sive,  the  domestic  production  exceeded  .$30,000  annually  and  in  1909  the  value 
of  the  output  reached  $133,192.  'The  hi^  mark  reached  during  this  peak  year 
was  attributed  'to  trade  with  the  Chinese  merchants  in  pink,  tourmalines  from 
California.  Althou^  subsequent  years  showed  a  decided  decline,  in  1916  the 
value  of  production  reached  the  $50,000  mark.  Production  statistics  for  the 
United  States  from  1898  to  1921,  when  the  United  States  Geological  Survey 
discontinued  the  canvass  of  producers  are  given  in  the  following  table. 

Later  figures  are  not  available. 


9333 


I.C,6539 


1 

Table  1.-  Value  of  toxurmalines  produced  in  the  United  Statgs.  1898^1921 


Year 

Value 

Year 

Value 

Year 

Value 

1898 

$4,000 

1906 

$72,500 

1914 

$7,980 

1899 

2,000 

1907 

84,120 

1915 

10,969 

1900 

3,500 

1908 

90,000 

1916 

50,807 

1901 

15,000 

1909 

133,192 

1917 

12,452 

1902 

30,000 

1910 

46,500 

1918 

6,206 

1903 

45,000 

1911 

16,445 

1919 

17,700 

1904 

40,000 

1912 

28,200 

1920 

4,869 

1905 

50.000 

1913 

7.630 

1921 

1.450 

ly  Compiled  from  Annual  Chapters  of  the  Mineral  Eesources  of  the  United 


States,  Pt.  II. 


DEPOSITS  IIT  THE  UlTITED  STATES 

In  the  United  States,  California  and  Main  have  been  the  chief  tourmaline- 
producing  States.  These  widely  separated  regions  are  both  famous  for  their 
beautiful  colored  tourmalines.  In  Maine,  are  the  deposits  at  Mount  Mica, 
Mount  Apatite,  and  Mount  Eubellite  near  the’ towns  of  Paris,  AubxLni,  and 
Hebron,  respectively;,  while  in  California,  the  principal  deposits  are  fo'und 
in  the  Mesa  Crande  district-  iii  San  Diego  County. 

Other  localities  in  this  country  are  Haddam,  Conn.;  Chesterfield  and 
Coshen,  Mass.;  Gouverheur,  De  Kalb,  and  Pi errepont ,  N.  Y.;  and  Chester,  Pa. 
Deposits  of  lesser  importance  have  been'  found  also  in  several  other  States. 

•  •  i  ,  • 

Arizona  " 

Upon  examination  of  the  quicksilver  deposits  of  Arizona,  cinnabar  was 
found  closely  associated’ with  tourmaline.  As  cinnabar  in  so  many  of  its 
occurrences  has  been  deposited  near  the  surface  and  at  relatively  low  temper¬ 
atures,  and  touimaline  is  a  mineral  characteristic  of  pegjnatite  dikes  and  of 
veins  belonging  to  the  deep  zone  and  formed  at  high  temperatures,  the  occur¬ 
rence  of  these  two  minerals  in  association  was  considered  worthy  of  record. 
Lausen'^  has  described  in  considerable  detail  the  occurrence  of  tourmaline  in 
the  cinnabar  veins  of  the  Mazatzal  Mountains  of  Arizona. 

California 

California  tourmalines  were  laiown  as  early  as  1872,  when  the  Indians  and 
cowboys  gathered  the  crystals  from  the  Mesa  Grsinde  region  in  San  Diego  County. 
After  commercial  exploitation  took  place,  it  was  found  that  the  tourmaline¬ 
bearing  belt  lies  in  San  Diego  and  Eiverside  Counties  and  includes  Mesa 


3  -  Lausen,  Carl,  Tourmaline-bearing  Cinnabar  Veins  of  the  Mazatzal  Mountains, 
Arizona:  Econ.  Geol.,  Dec.,  1926,  pp.  783-791. 

-  5  - 
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G-rande,  Pala,  and  Cdahuila  Mountain  as  the  principal  localities*  Mesa 
Grande  is  hy  far  the  most  interesting  locality*  "being  noted  for  pihLc  and 
variegated  toiiimalines  and  for  having  yielded  the  large  and  magnificent 
groups  now  seen  in  some  of  the  museums. 

; 

According  to  Foshag,^  no  other  known  locality  produces  tourmalines 
equal  to  the  California  specimens.  While  the  California  stones  are  inferior 
to  the  Maine  (Mt.  Mica)  stones  in  heauty  and  color,  they  surpass  them  in 
size  and  crystal  perfection.  Many  of  the  larger  crystals  exceed  5^  inches 
in  length  and  3|-  inches  in  thickness,  and  a  large  number  have  been  found  vdth 
the  crystal  faces  developed  at  both  ends. 

The  California  tourmalines  rarely  show  concentric  bands,  althougli  a  few 
are  green  in  the  center  and  pink  outside.  The  mor^  striking  forms  are 
longitudinally  banded.  For  instance,  the  wonderfully  beautiful  crystals  from 
Pala  are  one-half  deep  pink  with  the  remainder  clear  green.  The  larger 
crystals  from  Mesa  Grande  usually  show  a  uniform  pink  capped  with  green,  or 
sections  of  green,  pink,  and  salmon. 

In  the  Mesa  Grande  region  in  San  Diego  County,  Calif.,  the  mineral 
occurs  also  in  pegmatitic  rocks  associated  with  spodumene,  commercially 
known  as  kunzite,  and  occasional  gem  minerals  of  other  .varieties. 

",  5 

These  different  localities  have  been  described  by  Kunz. 

At  one  time  the  trade  with  Chinese  merchants  in  pink  tourmaline  from 
California  had  grown  to  quite  a  considerable  industry.  The  estimated  value 
of  purchases  by, the  Chinese  during  1909  alone  was  close  to  $100,000,  and 
during  the  summer  of  1910,  the  Himalaya  Mining  Co.,  sold  to  these  merchants 
a  large  consignment  which  consisted  of  358,500  carats  of  pink:  tourmaline 
crystals  ranging  in  size  from  100  to  1,000  carats. 

.'1*  ■.  . 

Maine 

Mount  Mica,  which  is  situated  about  1^  miles  east  of  Paris,  Me.,  is 
undoubtedly  one  of  the  most  famous  mineral  localities  in  the  United  States. 
Since  1820,  it  has  been  known  to  mineralogists  all  over  the  world  because  of 
the  size  and  beauty  of  its  tourmaline  crystals.  A  good  description  of  this 
locality  has  been  given  by  S.  S.  Bastin,"  and  the  earlier  history  in  detail 
was  written  by  A.  C.  Hamlin.’^ 


4  -  Foshag,  W.  F.,  Gems  and  Gem  Minerals:  Smithsonian  Sci.  Ser. ,  vol.  3, 

pt.  2,  1929,  pp.  238-243. 

5  -  Kunz,  Geo.  F. ,  Gems,  Jewelers*  Materials  and  Ornamental  Stones  of 

Califoraia:  California  State  Min.  Bur.  Bull.  37,  San  Francisco,  June, 
1905,  pp.  54-63. 

6  -  Bastin,  E.  S. ,  Geology  of  the  Pegmatites  and  Associated  Hocks  of 

Maine:  U.  S.  Geol.  Survey  Bull.  445,  1911,  pp.  81-93. 

7  -  Hamlin,  A.  C. ,  The  History  of  Mount  Mica:  Bangor,  Me. ,  1895,  72  pp. 
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A  large  number  of  unusually  fine  g^s  have  "been  cut  frcm  the  tourmalines 
of  Mount  Mica.  Green  is  the  predominant  color  of  the  gem  tourmalines,  hut 
this  district  has  yielded  fine  ruhellite,  indicolite,  and  achroite  gems  of 
varying  hues.  The  colorless  achroite  crystals  grade  into  delicate  pink, 
green,  and  hlue;  the  indicolites  are  greenish  hlue  and  nearly  sapphire  hlue; 
ahd-the  ruhellite  runs  from  pale  to  deep  pink  and  nearly  ruhy-red.  -  The 
comhinations- of  these  various  colors  in  a  single  crystal,  have  furnished  some 
very  remarkable  specimens  for  mineral  collections  now  scattered  through 
many  parts  of  the  world. 

The  Mount  Apatite  district  also  has  yielded  some  very  fine  gem  crystals. 
A  number  of  quarries  were  opened  for  feld^ar  and  tourmaline  on  Mount 
Apatite  about  S-l- miles  west  of  Auburn,  Me.,  from  which  pockets  were 'dis¬ 
covered  which  shielded  some  very  fine  colored  tourmalines.  '  One  quarry  on  the 
west  side  was  worked  by  W.  E.  Wade,®  and  has  been  described  along 
with  other  gem  deposits  of  Maine.  Besides  those  found  and  described  by  Wade, 
other  pockets  with  purple  apatite  have  been  unearthed,  but  such  crystals 
have  been  sold  chiefly  for  cabinet  specimens,  because  owing  to  the  compara¬ 
tive  softness  of  apatite  they  would  not  wear  well  if  cut  into  gems. 

EOEEIGE  LOCALITIES 

Tourrnalines^ and  cspeci^ly 'rUbellites  (which  are  found  in*all  colors) 
occur  in  nearly  every  country  of  the  globe  but ‘rarely  in  sufficient 
quantities  to  mine.  .... 

Magnificent . .crystals  of  pink,  blue,  and  green  have  been  found  in  the 
neighborhood  of  Ekaterinburg,  principally  at  Mursinka,  in  the  Urals»  Eussia, 
and  fine  lubellite  has.  come  from  the  Urula  Eiver,  and  other  spots  near 
Eertschin^j -Transbaikal,  Asiatic  Eussia.  Elba,  the  Italian  island' on 
which  Eapoleon  was  exiled,  produces  pink,  yellowish,  and  green  stones, 
frequently  p>articoiored,  and  sometimes  the  crystals  are  blackened  at  the 
top  ancl- are  called  "nigger  heads."  Ceylon  supplies  small  yellow  stones 
#iich  are  often  .confused  with  zircon  of  a  similar  color.  Eubellite  accom¬ 
panies  the  ruby  of  Ava,  Burma,  and  rivals  the  ruby  itself  in  color. 

a 

In  Canada,  amber-colored  crystals  are  found  at  Eitzroy,  Ontario; 
transpa,rent  brown  at  Hunt  erst  own','  Quebec;  black  at  Bathurst  and  Elmsley, 
Ontario  and  St.  Jerome,  Qp.ebec;  and  magnificent  green-yellow  crystals  occur 
in  the  limestones  at  Great  Cadamet  Island.  Eine  tourmalines  in  a"  great 
variety  of  colors,  and  frequently  zoned  are  found  at  many  localities  in 
Madagascar.  These  stones’  compare  favorably  in  beauty,  if  not  in  size,  with 
any  found  elsei^here.  Tourmalines  are  found  in  Siberia  and  Sweden  also,  and 
to  a  lesser  extent  in  many  localities;  but,  Bi^azil  is  undoubtedly  the  great¬ 
est  tourmaline  country.  '  .  ^  . 


8  -  Wade,  W.  E. ,  The  Gem-bearing  Pegmatites  of  Western  Maine:  Eng.  and  Min. 

Jour.,  vol.‘  87,  1909,  pp.  1127-1129.  - 

9  -  Pan  American  Union  Bulletin,  The  Semiprecious  Stones  of  Brazil: 

WasMhgton,  April,  1925,  pp.  371-377. 
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Brazil 

To-day  Brazil  is  by  far  the  most  important  source  of  toaxmalines. 
Practically  all  the  tourmalines  mined  in  Brazil  are  from  the  state  of  Minas 
Geraes  near  the  border  of  Espirito  Santo,  and  the  city  of  Lajao  is  the  most 
important  mining  center.  Rubellite  is  the  most  common  variety  and  exists  in 
all  colors. 

In  the  Brazilian  stones  the  core  is  generally  red,  bounded  by  white, 
with  green  on  the  exterior.  However,  beautiful  crystals  of  green  and  red, 
often  diversely  colored,  come  from  various  parts  of  the  State  of  Minas 
Geraes,  Brazil.  According  to  A,  S.  Atkinson, as  far  back  as  1909  tourma^ 
line  mining  has  been  one  of  the  most  important  industries  in  Brazil.  In 
view  of  the  fact  that  precious  stones  are  so  profuse  in  Brazil  and  sotI- 
precious  stones  are  found  in  such  large  quantities,  it  is  not  surprising  to 
note  that  this  country  ranks  first  among  the  tourmaline  sources  of  the  world. 
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CIHCU'JlE 


Dm^^Tivirn^  of  comfhc.-s  -  pUxII'au  of  miijes 


Mills  lUIlPLCSIOIJS  Aim  Firms  IH  T:9E  uiiitfid  states  due- 

ii:a  TEs  FisomL  YLAE  FFEiiTG  Jo'im  30,  irr’i^ 

Sy  D.  Harrington^ 

Approxiraately  2,000  persons  are  killed  a:mually  in  the  coal  nines  of  the 
United  States.  There  is  no  question  that  this  nurnher  is  at  least  double  and 
probably  treble  vrliat  it  should  be  and  by  all  moe^ns  the  least  e::cusa.ble  of  the 
fatalities  are  those  caused  by  explosions  a,nd  fires.  Fatalities  from  explo¬ 
sions  and  fires  in  coa.1  nines  are  almost  invariably  caused  by  carelessness  or 
negligence.  Table  1  indicates  that  the  fiscal  j’-sar  ending  June  30»  1931  •  ras 
by  no  means  a  satisfactory  one  as  rega.rds  either  the  nmiber  of  explosions  or 
the  nunber  of  persons  killed  by  tnem.  This  tabulation  lists  all  ignitions  to 
which  the  attention  of  the  personnel  of  the  sa-fety  division  was  called  and  in¬ 
cludes  not  only  major  disasterc,  but  also  explosions  in  which  fev^er  than  five 
were  killed,  as  well  a,s  sevoi'al  ezcplosions  from  whicn  no  fatalities  resulted. 

It  will  be  noticed  that  last  year  there  were  26  explosions  in  mines  in 
10  States  of  the  United  States,  resulting  in  217  deaths.  In  tiie  previous 
year  there  were  3^  explosions  vrith  a  death  list  of  199,  and  in  the  year  before 
there  were  38  explosions  vdth  a  death  list  of  139*  Hence,  the  past  fiscal 
year  had  distinctly  a  poorer  record  of  fe,talities  from  mine  explosions  than 
either  of  the  two  previous  years. 

Of  the  26  explosions  in  the  past  fiscal  year,  Pennsylvania  had  7,  West 
Virginir  4,  Hew  Mexico  and  Ohio  3  esch,  Alabama,  Oklahoma,  and  Washington  2 
each,  and  California,  Illinois  and  Indiana  1  each;  the  one  in  California  was 
in  a  t;mnel  being  driven  for  Vs-ater  purposes  but  giving  off  explosive  gas 
(methane).  In  fatalities  Ohio  had  the  worst  record  with  3S,  Oklahoma  came 
next  with  45,  then  Indiana  with  23,  and  Permsylvania  with  23;  although 
Alabama  had  2  ignitions  and  Washington  1,  they  caused  no  fatalities.  Utah, 
Colorado,  and  Kentucky  had  no  explosions  reported  by  the  safety  division  of 
the  Bureau  of  Mines  d'uring  the  past  fiscal  year,  but  were  on  the  list  for 
the  previous  yea,r,  though  in  the  case  of  Colorado  there  were  no  fatalities. 

On  the  other  hand,  Indiana-  and  Hew  Mexico,  neit;her  of  which  was  charged  with 
an  explosion  in  the  two  previous  years,  were  on  the  list  for  the  pa.st  fiscal 
year;  Hew  Mexico  had  the  bad  record  of  three  explosions,  though  fortunately 
with  but  a  total  of  eight  fata.lities.  Ohio  reported  3  explosions  to  the 
safety  division  of  tt£)  Bureau  of  Mines  in  the  pc.st  fiscal  year,  2  in  t2ie  pre¬ 
vious  year,  and  3  year  before  that,  or  3  in  the  pa.so  three  fiscal 

years  with  92  fatalities;  all  of  these  eight  explosions  were  in  open-light 
mines , 

1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  aclmowledgment  is  used:  "Heprinted  from  U.  S.  Bureau 

of  Mines  Informtion  Circular  6540." 

2  Chief  engineer,  safety  division,  U.  S.  Bureau  of  Mines, 
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Table  1  shows  that  143  fatalities  in  explosions  in  the 

past  fiscal  year  were  from  explosions  with  ignition  by  electricity,  again 
demonstrating  that  electricity  is  one  of  the  most  dangerous  agencies  in  our 
mines;  56  of  the  217  fatalities  were  from  explosions  caused  by  open  lights — 
far  more  than  the  21  fatalities  from  that  cause,  in  the  previous  fiscal  year 
and  the  14  in  the  year  before;  18  of  the  217  deaths  from  last  year's  explo¬ 
sions  were  from  explosions  started  by  e2q)l08ives  or  blasting,  a  decrease  from 
the  24  or  the  26  from  this  cause  in  the  two  previous  years. 

EXPLOSIONS  CAUSED  BY  ELECTRICITY 

Table  1  shows  that  but  9  of  the  26  explosions  for  the  past  fiscal  year 
were  caused  by  electrical  ignition,  though  143  of  the  217  deaths  were  d\ie  to 
those  9  explosions  of  electrical  origin.  Table  2  below  lists  the  electrical 
causes  of  explosions  not  only  for  the  fiscal  year  ended  Jime  30»  193l» 
also  for  the  two  previous  fisca.l  years. 


Table  2.-  Electrical  causes  of  explosions  , 


N'Omber  of  i.-piiti 

on  3 

Total, 

Causes 

1928-1929^ 

1929-19-^0^ 

19-^;0-19^1 

three 

years 

Trolley  or  cable-reel  locomotive.. 

5 

5 

1 

11 

Nonpermissible  mining  machine  .... 

5 

5 

iZ  3 

13 

Nonpermissible  motor  . 

4 

3 

4/5/3 

7 

Nonpermissible  shot-firing  battery 

4/  2 

2 

Cable  nips  or  blow-out  . 

Nonpermissible  storage-battery 

2 

6/  2 

2 

locomotive  . 

1 

1 

4 

Shot-firing  line  . 

— 

1 

1 

Faulty  wiring  . 

2 

1 

3 

Trolley  wire  . 

1 

— 

2/  2 

Electric  arc  . 

2 

8/  1 

Total  ignitions  . 

20 

18 

9 

49 

1  See  Information  Circular  6178. 

2  See  Information  Circular  6419.  ’ 

3  Thirty-four  killed. 

4  Not  included  in  totals;  may  have  been  from  overcharged  shots  and  therefore 

are  listed  as  explosives  accidents  in  Table  1. 

5  Ten  killed. 

6  Twenty  killed. 

7  Ei^^ity-four  killed. 

8  Five  killed. 

.1 

It  will  be  noticed  that  49  explosions  in  the  last  three  fiscal  years  were 
started  by  electricity  (resultant  deaths  from  these  49  explosions  amounted  to 
390,  see  Table  l);  11  of  these  49  explosions  were  caused  by  trolley  or  cable- 
reel  locomotives,  4  by  nonpermissible  storag-e-battery  locomotives,  and  3 
trolley  wire,  or  18  out  of  the  49  by  nonpermissible  locomotives  or  wiring  for 
locomotives;  surely  this  in  itself  is  a  severe  indictment  of  the  use  of  such 
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equipment  in  any  coal  mine;  in  the  past  fiscal  year  one  explosion  with  82 
fatalities  was  caused  by  an  arc  from  a  fall  of  roof  material  on  a  trolley 
wire.  Thirteen  of  the  49  explosions  of  electrical  origin  in  the  past  three 
years  were  due  to  nonpermissible  mining  (coal-cutting)  machines;  there  isn't 
in  the  record  even  one  explosion  caused  by  a  permissible  mining  machine,  and 
since  efficient  permissible  mining  machines  are  available  to  all,  there 
doesn't  appear  to  be  any  good  reason  whj-  nonpermissible  mining  machines  should 
be  used  in  coal  mines.  Of  the  49  e:cplosions  of  electrical  origin  during  the 
past  three  fiscal  years,  3?  or  75  per  cent  were  due  to  nonpermissible,  elec¬ 
trical  equipment  (locomotives,  mining  machines,  motors,  and  shot-firing 
batteries);  when  it  is  remembered  that  these  49  e^qjlosions  caused  390 
fatalities,  not  one  due  to  permissible  electrical  equipment,  one  marvels  that 
nonpermissible  electrical  equipment  is  allowed  in  coal  mines;  there  is  at  any 
rate  every  warrant  for  the  exclusion  of  nonpermissible  equipment  from  any 
mine  or  part  of  mine  which  gives  off  methane  or  has  coal-dust  undiluted  by 
thorough  rock-dusting. 

CAUSES  OF  EXPLOSION  IGNITIONS  FOE  THE  PAST 
FOUR  FISCAL  YEARS 

Table  3  lists  the  explosions  by  number  and  cause  of  ignitions  during  the 
past  four  fiscal  years  as  reported  by  the  field  personnel  of  the  safety 
division  of  the  United  States  Bureau  of  Mines. 


Table  3*-  Comparison  of  explosion  ignition  causes,  fiscal 
years  1927-28  to  1930-31.  inclusive 


Years 

Electricity 

Open  lights 
or  smoking: 

XMi. 

olosives 

Unknown 

Total 

No, 

Per  cent 

No. 

Per  cent 

No . 

Per  cent 

No. 

Per  cent 

No. 

Per  cent 

1927-28 

14 

45.1 

12 

38.7 

3 

9.7 

2 

6.5 

31 

100.00 

1928-29 

18 

47.4 

11 

29.0 

8 

21.0 

1 

2.6 

38 

100.00 

1929-30 

18 

52.5 

8 

23,5 

6 

18.0 

2 

6.0 

34 

100.00 

1930-31 

9 

34.6 

11 

42.3 

6 

23.1 

0 

0.0 

26 

100.00 

Total 

59 

45.8 

42 

32.5 

CO 

j 

17.8 

5 

3.-9 

129 

100.00 

It  will  be  seen  that  in  the  last  fiscal  year  3^.6  per  cent  of  the  explo¬ 
sions  reported  to  the  safety  division  of  the  Bureau  of  Mines  were  started  by 
electricity,  and  for  the  past  four  years  59  out  of  129  explosions,  or  45.8 
per  cent,  were  caused  by  electricity;  last  year  42.3  per  cent  of  the  explo¬ 
sions  were  caused  by  open  lights  or  smoking,  while  for  the  past  four  years 
42  out  of  129  explosions  or  32,5  per  cent  were  caused  by  open  lights  or 
smoking.  Last  year  23. 1  per  cent  of  the  explosions  were  started  by  explo¬ 
sives  or  blasting,  and  for  the  4-year  period  23  of  the  129  explosions  or  17.8 
per  cent  were  due  to  blasting.  It  is  distinctly  disquieting  to  realize  that 
notwithstanding  all  that  is  known  about  prevention  of  explosions,  those 
disasters  continue  in  our  mines  and  have  occurred  at  an  average  of  32  per 
year  for  the  past  four  years. 
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Table  4  shows  that  in  the  mines  of  the  United  States  during  the  past 
four  years  897  persons  have  been  killed  in  erplosions  to  which  attention  of 
the  safety  division  personnel  has  been  called.  The  fiscal  year  1927-28  had 
the  worst  record  with  its  3^2  fatalities  from  explosions,  and  the  past  fiscal 
year  (I93O-3I)  was  second  with  217  killed;  the  record  of  the  latter  year, 
however,  ms  but  little  worse  than  that  of  the  preceding  year  (1929-30)  when 
the  explosion  fatalities  in  mines  reached  199. 

Table  4.~  Comparison  of  erolosion  fatalities  by  igni¬ 
tion  causes,  fiscal  years  1927-28  to  IS^Q-^lt 
inclusive 


Years 

Electricity 

Open  1 

ights 

Explosives 

Unknown 

Total 

Number 

killed 

Per 

cent 

Number 

killed 

Per 

cent 

Number 

killed 

Per 

cent 

Number 

Mlled 

Per 

cent 

NT’mber 

killed 

Per 

cent 

1927-28 

282 

82.5 

49 

14.3 

9 

2.6 

2 

0.6 

343 

100.00 

1928-29 

93 

66.91 

14 

10.1 

26 

18.7 

,  6 

4.3 

139 

100.00 

1929-30 

154 

77. 5j 

21 

10.5 

24  il2.0 

0 

0.0 

199 

100.00 

1930-31 

143 

65. 9i 

56 

25.8  1 

18 

8.3 

0 

0.0 

217 

100.00 

Total  (4  years) 

672 

’74,81 

140 

15.6; 

77 

8.7 

8 

0.9 

897 

100.00 

In  the  past  fiscal  year  143  fsAalities  occurred  in  ejqjlosions  started  by 
electricity,  these  deaths  amounted  to  65.9  per  cent  of  the  217  killed  in  all 
explosions;  the  fact  that  during  the  past  four  years  672  persons  I'lave  been 
killed  in  our  mines  in  e:;p)losions  started  by  electricity  is  which 

should  cause  every  right-minded  mining  man  to  take  prompt  decisive  action  to¬ 
ward  safeguarding  his  employees  from  possible  disasters  because  of  defective 
electrical  equipment  or  misuse  of  electrical  equipment  in  mines.  D’^ring  the 
last  four  years  74.8  or  eseentially  75  per  cent  of  the  fatalities  from  explo¬ 
sions  in  our  mines  have  been  due  to  explosions  started  by  electricity  i 

In  the  past  fiscal  year  open  lights  caused  e;:plosions  which  accounted 
for  25.8  per  cent  of  the  explosion  fatalities,  this  being  more  than  double 
the  percentage  for  either  of  the  two  previous  years  and  nearly  double  the 
rate  for  the  fiscal  year  ending  J’^e  30i  1928;  moreover,  the  open  light  was 
not  charged  with  ignition  of  an  explosion  with  heavy  loss  of  life  in  an  open- 
light  mine,  though  some  people  believe  that  this  disaster  might  well  be 
charged  to  open  lights;  there  is  no  question  that  the  open  light  is  ever  a 
menace  to  the  safety  of  all  the  workers  of  any  mine  which  uses  it. 

In  the  year  ended  Jinae  ^>0,  I93I,  blasting  or  the  use  of  explosives 
caused  explosions  with  18  fatalities,  or  8,3  per  cent  of  the  total  for  the 
year,  this  percentage  being  essentially  the  same  as  the  8.7  per  cent  for  the 
4-year  period  ending  J'one  ^0,  I93I.  Precautions  taken  in  the  use  of  explo¬ 
sives  in  mines  are  being  extended  year  by  year,  and  there  is  good  reason  to 
hope  that  mine  explosions  with  heavy  loss  of  life  due  to  blasting  will 
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gradually  disappear — unless  some  of  the  rela:.ations  now  being  taken  in  blast¬ 
ing  for  mechanized  loading  should  cause  some  bad  disasters,  and  this  is  by  no 
means  improbable. 

Tlie  fact  tliat  in  the  last  four  fiscal  years  897  persons  were  killed  in 
explosions  in  our  mines  is  a  sad  commentary  on  the  efficiency  of  our  mining 
men,  as  there  is  absol’utely  no  question  that  mine  eiqplosions  are  preventable 
and  that  practically  all  of  them  a.re  the  result  of  carelessness.  There  is, 
however,  a  silver  lining  to  this  cloud;  during  the  last  five  months  of  the 
fiscal  year  ended  June  3Q»  there  were  but  10  fatalities  in  coal  mines 

of  the  United  States  from  explosions;  moreover  the  bituminous  mines  of 
Pennsylvania  with  upwards  of  130,000  eHiployees  have  not  had  a  major  disaster 
(one  with  five  or  more  killed)  since  March  21,  1929,  or  for  nearly  2V  years; 
this  shows  wl'iat  can  be  done. 


Table  5.-  Comparison  of  lighting  in  mines  where 

explosions  occurred,  fiscal  years  1927-28 , 

to  19~^Q-~^1,  inclusive 


Open  lights  I 

Closed  li.;,; 

at  s 

Lighting  Uhiaio'/ni 

Total 

Year 

ITumber  of 

Per 

iJuiiuer  of 

Per 

Number  of 

Per 

Number  of 

Per 

explosions 

cent 

exrl  osioixs 

cent 

explosions 

cent 

explosions 

cent 

1927-28 

14 

45.1 

15 

48.4 

6.5 

3-^ 

100.00 

1928-29 

18 

47.4 

19 

50.0 

1 

2.6 

38 

100.00 

1929-30 

8 

23.5  1 

25 

73.5 

1 

3.0 

i/  27. 

100.00 

19'^0-U 

12 

44.4 

15 

55 . 6 

0. 

0.0 

100.00 

52 

40.0 

74 

55,9 

4 

I/iTo 

100.00 

1  One  mine  iiad  mixed  (open  as  well  as  closed)  lighting. 


Table  5  shov's  that  in  the  past  fiscal  year  12  out  of  27  e^zplosions,  or 
44.4  per  cent,  were  in  open-light  mines,  while  15  or  55,6  per  cent  were  in 
closed-light  mines;  for  the  past  fo\ir  fiscal  years  52  of  I30  explosions,  or 
40  per  cent,  were  in  open-light  mines  and  74  or  56.9  per  cent  were  in  closed- 
light  mines.  The  significance  of  this  is  subject  to  some  debate,  but  one 
thing  must  be  kept  in  mind  very  definitely:  Open  lights  have  caused  nunerous 
explosions  (in  fact,  nearly  all  of  them)  in  open-light  mines  (and  a  fevv  in  so- 
called  closed-light  mines),  but  no  permissible  electric  cap  lamp  has  ever 
caused  an  explosion  in  any  mine  whether  on  an  open  or  a  closed  light  basis. 

The  closed-light  mines  are  usually  those  known  to  be  dangerous  because  of  gas 
or  dust  or  both,  hence  have  potential  liazards  much  in  excess  of  those  in 
which  open  lights  are  allowed  ordinarily;  however,  there  is  no  question  tliat 
where  closed  lights  are  used  mining  companies  in  many  instances  are  prone  to 
rely  too  much  on  the  safety  featiires  of  closed  li^'j^^its  and  to  take  far  too 
many  chances  with  nonpermissible  electrical  equipment,  to  use  electrical 
equipment  under  dangerous  conditions  as  to  gas  or  dust  or  both,  and  only  too 
freopiently  ventilation  precautions  are  relaxed,  apparently  with  the  idea  that 
the  closed  lights  will  prevent  trouble  from  those  relaxations  or  deficiencies 
in  safety  practice.  Open  lights  ought  not  to  be  allo^red  in  any  mine. 
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particularly  ar^y  coal  mine,  as  there  rill  continue  to  he  fires  and  explosions 
in  mines  as  lon/=;  as  open  li;’-hts  or  a.r^"  type  of  open  flame  is  allowed  under¬ 
ground;  there  v^ill  a,lso  continue  to  be  fires  and  explosions  in  closed-light 
mines  as  lorii',  as  unsafe  electrico.l  eqvapment,  ">ir.safe  practices  with  electricity, 
unsafe  blasting  naterials  a*id  practices,  and  various  hinds  of  carelessness  with 
ventilation  are  allowed  in  closed  light  mines.  In  other  words,  while  open 
lights  are  at  all  times  and  vnider  all  cii-curastances  dangerous  in  mines,  on  the 
other  hand  closed  lights  in  themselves  arc  by  no  me^uis  a  cure-all  for  the  ills 
of  ’inderground  rorhers  or  workings. 

Table  6  lists  the  mine  fires  to  which  the  personnel  of  the  safety  division 
were  called  or  with  which  they  were  iz\  contact  during  the  fiscal  year  ending 
June  30,  15*3^*  will  be  noticed  thiit  there  were  24  fires  with  23  fatalities 
in  14  States.  Ix.  the  previous  fiscal  year  the  safety  division  also  icnt  men 
to  24  fires  in  14  States;  fatalities,  however,  were  but  five.  In  the  past 
fiscal  year  12  of  the  fires  were  in  opea-ligi-t  mines  as  against  but  7  in  open- 
light  mines  in  the  previous  year;  last  year  7  fires  were  in  closed-light  mines 
as  against  3  in  the  previous  year;  t;-..e  lighting  system  was  uraoiown  in  five 
mines  which  liad  fires  in  the  wrist  fiscal  year,  and  in  nine  mines  the  previous 
year. 


Electricity  cairsed  7  fires  but  no  fatalities  from  those  fires  in  the  past 
fiscal  year,  as  against  9  fires  v/itii  2  fatalities  in  the  previous  year;  3 
fires  with  5  fatalities  were  ca\ised  by  open  lights  or  smoking  in  the  past 
year  as  against  6  fires  and  3  fatalities  in  the  previous  year;  excpiosives 
caused  5  fires  with  no  fatalities  last  year  and  3  flues  with  no  fatalities  in 
the  previous  year  (it  is  probable  ttiat  severeh  luindred  coal-mine  fires  ’^ere 
caused  by  explosives,  but  in  general  they  were  not  called  to  the  attention  of 
the  safety  division  of  tho  3ureo.u  of  Mines);  last  year  9  fires  due  to  miscel¬ 
laneous  or  unlaiov*-n  causes  with  18  dea.ths  w'ere  cittended  by  the  safety  division 
personnel;  one  of  these,  causing  11  des.tiis  in  a  city  tunnel  being  driven  for 
sewer  purposes,  was  probably  caused  by  smoking,  though  it  mny  have  been  due  to 
defective  wiring.  Tlxree  of  the  24  fires  listed  in  Table  6  were  not  in  coal 
mines;  one  with  11  fatalities  was  iii  a  t’.mnel  being  driven  in  a  city,  and  2 
with  2  fatalities  were  at  metal  mines. 

In  addition  to  26  explosions  with  217  fatalities,  and  24  fires  with  23 
fatalities,  the  personnel  of  the  safety'  division  hxid  fairly  close  contact  dur¬ 
ing  the  past  fiscal  year  v/ith  46  other  miscellaneous  accidents  wi  th  76 
fatalities,  a  total  of  S5  accidents  of  all  kinds  with  fatrlity  totco.l  of  315. 

In  the  previous  fiscal  j'^ear  safety  division  perso;inel  were  in  contact  with  3^ 
explosions  with  199  fatalities,  24  fires  with  5  fatalities,  and  29  1* iscellaneous 
accidents  with  72  fo.talities,  a  total  of  87  incidents  of  all  kinds  with  276 
fatalities. 
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Table  6.-  SvuT!!yg.rv  of  :r.ine  fires  by  States.  July  1,  1930 
to  June  30.  1921 
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COICCLUSIOH 


Although  it  is  disheartening  to  realize  that  more  men  were  hilled  in 
nine  e::plosions  during  the  fiscal  year  ending  June  3^»  1931  than  in  either 
of  the  two  previous  years,  there  are  several  causes  for  congratule.tion  to  he 
found  in  the  mine  e:qplosion  record  of  the  past  year.  The  period 

November  1,  1930,  to  I’ebruai^j’-  1,  I93I,  one  of  the  worst  3-ii^o‘ath  periods 
in  the  history  of  bituminous  coal-mining  in  the  United  States  in  point  of 
occurrence  of  major  disasters  (there  ijaving  been  seven  major  disasters  with 
173  fatalities),  but  the  succeeding  5-month  period  to  the  end  of  the  fiscal 
year  had  unquestionably  the  best  record  of  any  similar  period  in  the  past 
30  years,  as  there  was  not  a  single  major  disaster  in  any  bituminous  coal 
mine  and  there  was  but  one  in  anthracite  mines,  resulting'  in  loss  of  five 
lives.  This  immunity  from  major  disasters  durin(5  the  late  winter  and  spring- 
months  is  unusual;  these  are  the  months  in  which  some  of  the  worst  disasters 
in  coal  mining  in  the  United  States  have  occurred.  At  least  two  gas  explo¬ 
sions  were  stopped  by  rock-dust,  and  there  is  very  good  cause  to  believe  tlmt 
the  fatality  list  for  the  year  would  have  been  extended  by  at  least  ICO  had 
it  not  been  for  rock-dusting. 

It  is  a  cheering  fact  tliat  Colorado,  Kentucky',  and  Utah  do  not  a.ppear  in 
the  list  of  States  having  erplosions  during  the  past  year,  and  that  Alabama 
and  Washington  liad  no  fatalities  from  e:cplosions.  Wlien  the  hundreds  of  gassy 
and  dusty  bituminous  mines  of  Pennsylvania  can  operate  for  nearly  2\  years 
without  a  major  explosion  disaster,  the  person  who  believes  that  explosions 
of  a  widespread  nature  can  not  be  prevented,  will  certainly  be  forced  to  re¬ 
vise  his  belief;  unquestionably  two  of  the  main  contributing  causes  to  this 
very  excellent  record  of  the  bituminous  mines  of  Pennsylvania  are  the  in¬ 
creased  activity  in  the  inspection  of  the  inscallation  aud  use  of  electricity 
in  bituminous  mines,  and  also  the  extension  of  the  use  of  rock-dust.  When 
the  bituminous  mines  of  Pennsylvania  with  over  136,000  employees  and  with 
hundreds  of  gassy  mines  can  operate  nearly  2-1-  years,  producing  much  over 
300,000,000  tons  of  coal  without  a  major  disaster,  and  when  all  of  the  bitu¬ 
minous  and  lignitic  mines  of  the  United.  States  can  operate  more  tlian  eight 
months  (from  Jan-uary  28,  I93I,  to  the  date  of  writing  this  paper)  without  a 
major  disaster,  it  is  futile  for  arj^'one  to  de:\,  tl.at  widespread  explosions 
are  preventable.  There  is  no  question  tlmit  such  occurrences  can  be  avoided, 
and  there  is  every  reason  to  believe  tiiat  within  the  next  few  years  it  will 
be  found  that  the  death  rate  from  explosions  in  the  mines  of  the  United 
States  will  be  reduced  at  least  50  per  cent  and  very  probably  as  much  as 
90  per  cent. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINFS 


MILLING  METHODS  AND  COSTS  OF  THE  CONIAURUM  MINES  (LTD.),  SCHUMACHER,  ONTARIO ^ 

By  John  Redington^ 

INTRODUCTION 

This  paper  describing  the  milling  practice  at  the  Coniaurum  Mine  is  one  of  a  series  of 
papers  on  milling  methods,  practice,  and  costs  prepared  in  cooperation  with  an  published  by 
the  United  States  Bureau  of  Mines. 

The  500-ton  mill  of  the  Coniaurum  Mines  (Ltd.)  is  located  at  approximately  the  center 
of  the  company's  property  and  a  little  more  than  a  mile  from  the  town  of  Schumacher,  Ontario. 
The  main  shaft  through  which  all  the  ore  is  hoisted  is  adjacent  to  the  mill  so  that  the  ore 
hoisted  in  a  3-ton  skip  is  dumped  directly  into  a  15-ton  bin  at  the  crusher. 

CHARACTER  OF  THE  ORE 

The  ore  as  broken  in  the  mine  is  comparatively  fine,  as  the  stopes  are  narrow,  and  con¬ 
sequently  no  large  breaker  is  necessary.  It  consists  of  a  mixture  of  quartz  and  mineralized 
schist  carrying  about  $6  gold  per  ton  and  varies  in  size  from  10-inch  slabs  down  to  fines. 
There  is  a  very  large  proportion  of  fines  which  are  very  wet  and  at  times  give  considerable 
trouble  in  the  process  of  dry  crushing.  Little  hope  is  held  of  improving  the  latter  con¬ 
dition  unless  the  veins  should  widen  and  thus  allow  a  change  in  sloping  so  that  the  ore  can 
be  broken  coarser. 


CRUSHING  PLANT 

The  flow  sheet  of  the  mill  is  shown  in  Figure  1. 

The  ore  is  drawn  from  the  small  bin  into  which  the  skip  dumps  by  a  "live-roll  grizzly." 
This  machine  acts  as  a  feeder  to  the  gyratory  crusher  and  at  the  same  time  removes  the  minus 
l^-inch  material  which  would  give  trouble  and  reduce  the  capacity  of  the  crusher.  This 
grizzly  was  installed  some  months  after  the  plant  was  started  and  considerable  thought  was 
given  to  the  type  of  machine  to  be  used.  It  was  realized  that  a  vibrating  screen  under 
proper  conditions  would  remove  a  greater  percentage  of  fines,  but  it  was  considered  ;.hat  with 
such  a  variety  and  size  of  feed  (some  slabs  are  10  inches  thick  and  18  to  24  inches  long) 
that  the  traveling  grizzly  would  be  more  rugged  and  less  costly  to  operate.  In  addition,  a 
more  uniform  feed  could  be  maintained,  and  our  experience  had  shown  that  this  was  necessary 
for  the  best  operation  of  the  crusher. 

The  crusher  is  a  IC-inch  McCully  type  fine  leducticn  gyratory  and  is  directly  connected  to  a 
ICO-hp.  motor.  It  is  set  for  reduction  to  1-3/4  inches  and  discharges  onto  a  conveyor  where  the 
crushed  product  unites  with  the  undersize  from  the  grizzly.  The  ore  is  conveyed  under  a  36- 
inch  lifting  magnet  to  a  centrifugal-discharge  18-inch  bucket  elevator.  The  latter  raises  the 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used; 

"Reprinted  from  the  U.  S.  Bureau  of  Mines,  Information  Circular  6541." 

2  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  manager,  Coniaurum  Mines  (Ltd.). 
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ore  to  a  cylindrical  steel  bin  of  700  tons  capacity.  A  bin  of  such  large  capacity  is  used 
so  that  the  crusher  can  be  operated  at  one  period  and  the  rolls  at  another  and  thus  save 
power,  which  is  purchased  on  a  peakload  basis. 

The  ore  is  drawn  from  chutes  in  the  bottom  of  this  bin  by  conveyor  belt  and  fed  to  the 
primary  rolls.  These  are  heavy  duty  62  by  20  inch  rolls  fitted  with  5-inch  forged  chrome- 
steel  shells  set  to  ^  inch.  From  the  rolls  the  ore  is  conveyed  to  a  centrifugal-discharge 
18-inch  bucket  elevator  which  feeds  two  mechanically  vibrated  4  by  5-foot  screens.  When  the 
ore  is  very  wet  most  of  the  trouble  occurs  at  this  point. 

On  these  screens  a  punched  plate  is  used  with  7/16-inch  round  openings;  the  advantages 
of  wire-cloth  screen  are  realized,  but  the  former  type  has  been  found  to  be  best  suited  for 
*he  type  of  vibrator  used  and  the  character  of  the  ore.  The  life  of  a  screen  is  6  weeks. 

The  oversize  from  the  screen  passes  to  a  secondary  roll  in  a  closed-circuit  arrangement, 
and  the  discharge  of  the  secondary  roll  joins  that  from  the  primary  roll.  The  undersize  from 
the  screen  drops  on  to  a  conveyor  and  goes  to  the  main  1,000-ton  bin,  in  the  cyanide  plant. 

Following  is  the  screen  analysis  of  the  product  as  it  leaves  the  crushing  plant: 


Mesh 

Per  cent 

Mesh 

Per  cent 

Plus  4 

11.14 

Plus 

35 

5.85 

Plus  6 

14.02 

Plus 

48 

2.82 

Plus  8 

12.23 

Plus 

GO 

2.40 

Plus  14 

19.53 

Plus 

100 

3.02 

Plus  20 

8.90 

Plus 

150 

1.45 

Plus  28 

6.13 

Plus 

200 

0.94 

Minus 

200 

11.57 

The  secondary  rolls  are  the  same  as  the  primary  but  are  run  at  a  higher  speed  and  are 
set  as  close  as  it  is  possible  to  keep  them.  This  setting  of  the  rolls  is  governed  by  the 
power  taken  to  drive  them,  as  shown  by  the  ammeter.  The  operator  controls  the  feed  also  by 
the  ammeter  and  forces  it  at  maximum  rate  at  all  times.  In  this  way  the  shells  are  worn 
uniformly  by  the  crushing  action  of  the  ore  itself  and  require  very  little  dressing.  No 
cutting  of  shells  has  been  necessary  and  those  on  the  primary  rolls  show  very  little  grooving 
while  on  the  secondary  rolls  they  have  a  smooth  surface  at  all  times.  The  little  dressing 
of  the  shells  that  is  necessary  is  done  v/ith  carborundum  bricks  on  the  edges  while  running. 
The  shells  wear  down  until  they  are  3/4  to  1  inch  thick  when  they  loosen  or  start  to  spread 
and  are  then  discarded. 

Each  roll  is  driven  separately  by  a  16-inch  belt  from  a  35-hp.  motor.  The  motors  on  the 
primary  roll  are  fully  loaded  and  on  the  secondary  rolls  are  about  30  per  cent  overloaded. 
The  capacity  of  the  rolls  varies  a  great  deal,  and  when  v/orking  on  a  very  wet  ore,  as  men¬ 
tioned  previously,  it  is  reduced  considerably.  The  average  capacity  on  all  ore  is  very  close 
to  45  tons  per  hour.  The  coarse  crushing  rolls  operate  at  a  peripheral  speed  of  1,090  feet 
per  minute,  with  new  shells,  and  the  fine  rolls  at  1,330  feet  per  minute. 

All  conveyors  use  a  24-inch  belt  and  are  equipped  with  Timken  tapered  roller-bearing 
idlers . 


CYANIDE  PLANT 

The  bin  in  the  cyanide  plant  is  of  the  cylindrical  steel  flat-bottom  type.  The  ore  is 
drawn  by  conveyor  from  chutes  in  the  bottom  and  is  fed  by  launder  with  cyanide  solution  to 
a  30  by  6  foot  Dorr  duplex  classifier  in  closed  circuit  with  a  5  by  16  foot  tube  mill.  Two 
grinding  units  are  available,  but  at  present  only  one  is  in  use.  The  classifier  is  placed 
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at  a  slope  of  3  inches  to  the  foot,  and  the  rakes  are  run  at  24  strokes  per  minute.  The 
density  of  the  overflow  is  1.2  parts  of  solution  to  1  of  solids.  A  screen  analysis  of  the 
classifier  overflow  shows  10  per  cent  plus  65-mesh,  and  at  this  point  75  per  cent  of  the  gold 
recovered  is  already  in  solution. 

The  tube  mill  is  operated  at  28  r.p.m.,  with  a  moisture  content  of  28  to  30  per  cent. 
It  is  lined  with  a  chilled  white-iron  liner  2^  inches  thick  of  a  patented  type  called  the 
"pocket  liner,"  which  is  cast  in  this  vicinity.  The  grinding  media  are  2-inch  balls  forged 
from  steel  rails,  and  the  consumption  is  1.8  pounds  per  ton  of  ore.  The  drive  consists  of  a 
herringbone  gear  driven  by  pinion  directly  connected  to  a  150-hp.  motor. 

The  working  strength  of  the  solution  is  kept  at  1.25  pounds  of  KCN  per  ton,  and  alkalin¬ 
ity  at  0.75  pound  per  ton  in  terms  of  CaO.  The  cyanide  used  is  Aero  brand  and  the  consump¬ 
tion  is  0.5  pound  KCN  per  ton  of  ore.  The  cyanide  is  added  at  regular  intervals  in  weighed 
quantities  along  with  the  classifier  sands  entering  the  tube  mill.  The  lime  is  added  dry  to 
the  ore  as  it  is  fed  to  the  crusher. 

The  pulp  overflow  from  the  classifier  is  pumped  by  a  4-inch  centrifugal  sand  pump  to  a 
20  by  24-foot  Dorr  agitator.  The  speed  of  the  rakes  is  8  r.p.m.,  and  the  pulp  is  drawn  from 
the  bottom  and  raised  by  air  lift  to  the  second  agitator,  giving  a  contact  of  16  hours. 
There  are  four  agitators,  but  at  present  only  two  are  being  used  with  the  one  tube  mill.  The 
pulp  density  is  the  same  as  that  overflowing  the  classifier,  and,  although  it  is  very  coarse 
little  difficulty  is  experienced  in  keeping  it  in  suspension.  Compressed  air  is  supplied  at 
25  pounds  per  square  inch  by  a  single-stage  compressor  driven  by  a  60-hp.  motor.  From  the 
second  agitator  the  pulp  is  pumped  by  a  4-inch  centrifugal  sand  pump  to  a  17-foot  diameter 
bowl  classifier. 

This  classifier  is  supported  by  steel  columns  on  a  floor  above  the  tube  mills,  and  the 
sand  oontaining  about  20  per  cent  of  moisture  is  run  by  chute  back  to  the  tube  mill.  The 
overflow  is  the  final  product  from  the  grinding,  agitating,  and  classifying  circuit  and  at 
this  point  is  determined  the  fineness  of  grinding.  The  economioal  point  of  grinding  has  been 
determined  to  be  60  per  cent  minus  200-mesh;  a  daily  sample  of  the  overflow  is  taken  for 
sizing  test,  and  the  fineness  is  controlled  by  regulating  the  specific  gravity  of  the  pulp 
overflow,  which  is  kept  at  a  density  between  2.1  to  1  and  2.5  to  1,  depending  upon  the  ton¬ 
nage,  value,  and  character  of  the  ore.  The  reciprocating  rakes  run  at  16  r.p.m.  and  the 
bowl  rakes  at  5  r.p.m. 

The  bowl  olassifier,  as  can  be  seen  is  in  closed  circuit  with  the  agitators  and  tube 
mill,  and  in  this  position  acts  as  a  concentrator  and  gives  an  opportunity  to  grind  selec¬ 
tively  the  sulphides  v?ith  which  the  gold  is  closely  associated.  Its  importance  in  the  flow 
sheet  is  shown  by  the  value  of  the  samples  taken  of  the  different  products.  With  the  pulp 
coming  from  the  agitator  assaying  60  cents  per  ton  the  value  of  the  sands  from  the  bowl 
classifier  going  back  for  regrinding  ranges  from  $3.75  to  $4.  a  ton. 

The  overflow  from  the  bowl  classifier  runs  by  launder  to  a  40  by  14-foot  Dorr  tray 
thickener  and  the  thickener  pulp  is  drawn  by  Diaphragm  pump  and  fed  to  an  8-disk  8-foot 
6-inch  American  continuous  filter.  Here  it  is  filtered  and  given  a  barren  solution  wash, 
and  the  cake  drops  into  a  repulping  machine.  This  consists  of  a  shallow  wooden  tank  12  feet 
6  inches  by  30  inches  by  28  inches  fitted  with  a  horizontal  shaft  on  which  are  fastened 
heavy  iron  paddles.  Barren  solution  flows  into  the  tank,  and  as  the  paddles  revolve  the  cake 
is  broken  up  into  a  pulp  and  flows  from  the  tank.  The  height  of  the  pulp  is  kept  below  the 
bottom  of  the  shaft,  and  the  bearings  are  sot  outside  the  machine  so  that  no  trouble  is  ex¬ 
perienced  from  slime  getting  into  them. 

The  pulp,  which  as  stated  above  is  mixed  with  barren  solution,  is  next  pumped  to  an  18 
by  20  foot  Dorr  agitator  and  drawn  from  this  agitator  to  a  second  filter  similar  to  the  first 
one.  On  this  filter  it  is  given  a  water  wash,  and  the  cake  drops  into  another  repulper,  is 
mixed  with  water,  and  runs  by  gravity  to  the  tailings  pond. 
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A  two-stage  Rees  Roturbo  pump  is  used  with  each  filter  unit;  in  fact,  all  solution 
pumps  are  of  this  make  and  are  either  single-stage  or  two-stage.  The  filtrate  can  be  pumped 
to  the  circulating  solution  tank  or  taken  into  the  circuit  at  other  different  points  when 
necessary.  Vacuum  for  the  filter  is  furnished  by  a  23  by  12  inch  duplex  pump  driven  by  a 
75-hp.  motor. 

On  the  primary  filter  a  row  of  sectors  is  taken  off  every  second  day  and  placed  in  a 
small  wooden  tank  with  a  dilute  solution  of  muriatic  acid  to  remove  the  lime.  On  the  second¬ 
ary  filter  where  v.’ater  wash  is  used  and  lime  formation  is  more  rapid,  a  row  of  filter  bags 
is  treated  every  day.  This  gives  a  period  of  20  days  per  filter  bag  on  one  filter  and  10 
days  on  the  other.  The  bags  are  repaired  by  hand  by  the  operators  and  the  average  life  of 
each,  including  the  repaired  ones,  is  130  days. 

The  overflow  from  the  Dorr  thickener  runs  to  a  Hardinge  sand  clarifier.  The  sand 
through  which  the  solution  filters  is  all  minus  1/4-inch,  with  the  following  screen  analysis; 


Mesh 

Plus  20 
Plus  100 
Minus  100 


Per  cent 
29.05 
67.45 
3.50 


In  operation,  the  solution  is  allov^ed  to  filter  through  the  sand  bed  until  the  rate  of 
filtration  is  slower  than  the  rate  of  precipitation.  The  scrapers  are  then  revolved,  .scrap¬ 
ing  the  slime  to  the  center  and  drawing  it  from  the  bottom  of  the  tank.  If  this  does  not 
increase  the  filtering  capacity  quickly  enough,  the  scrapers  are  lowered  from  1/16  to  1/8 
inch,  and  that  much  sand  is  cut  off  the  top  of  the  filter  bed.  We  have  found  this  a  very 
satisfactory  method  of  clarification  -  one  requiring  little  attention  and  low  in  cost.  A 
new  charge  of  sand  which  is  still  in  use  was  put  into  the  tank  in  March.  1929,  and  should 
last  until  the  summer  of  1931. 

From  the  clarifier  the  solution  is  pumped  by  centrifugal  pump  to  the  10  by  15  foot  gold 
tanks,  and  then  from  the  Crowe  vacuum  system  to  the  precipitation  press.  This  is  similar  in 
all  respects  to  the  customary  practice  except  that  a  centrifugal  pump  is  used  in  place  of  a 
reciprocating  pump  to  deliver  the  pregnant  solution  to  the  press.  The  problem  of  elim.inating 
the  air  from  this  type  of  pump  is  overcome  by  connecting  the  glands  of  the  pump  by  a  small 
pipe  line  to  the  Crowe  vacuum  tank  through  which  any  air  that  enters  the  pump  is  drawn  away 
by  vacuum. 

Six  hundred  and  fifty  tons  of  solution  is  precipitated  every  24  hours.  The  consumption 
of  zinc  dust  is  0.025  pound  per  ton  of  solution,  and  a  precipitate  is  obtained  averaging 
$175  per  pound.  Lead  nitrate  is  added  to  the  clarified  solution  at  the  rate  of  1-j  pounds 
per  24  hours. 

The  clean-up  of  the  precipitate  takes  place  once  each  month.  It  is  scraped  roughly 
from  the  cotton  sheeting  which  overlies  the  10-ounce  duck  on  the  press,  and  the  sheeting  is 
burned . 

The  small  amount  of  ashes  with  flux  goes  directly  to  the  furnace.  The  precipitate  is 
given  a  sulphuric-acid  treatment,  forced  into  a  press  with  air,  washed,  and  dried  with  air 
to  about  35  per  cent  of  moisture.  It  is  then  fluxed  with  soda  ash,  borax,  fluorspar,  and 
silica  and  refined  in  a  Rockwell  furnace.  A  proportion  of  the  slag  is ‘rerun  or  used  with  the 
flux,  and  the  excess  slag  which  amounts  to  very  little  is  returned  to  the  tube  mill.  The 
resulting  bullion  averages  B50  fine  in  gold  and  110  fine  in  silver. 

The  recovery  for  the  full  year  1930  was  96.35  per  cent;  and  the  costs,  without  depre¬ 
ciation,  for  the  same  period  are  given  below: 
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Total  tons  milled .  122,972 

Cost  per  ton 

Crushing,  screening,  and  conveying 


to  cyanide-plant  bin .  $0,346 

Tube  milling  and  classification  .  .202 

Agitating  and  thickening .  .072 

Clarification  and  precipitation  .042 

Reagents .  .087 

Double  filtration .  .113 

Tailings  disposal .  .015 

Refining .  .016 

Pumping . . ■  046 

Total .  0.939 


CONSUMPTION  OF  MATERIALS  AND  REAGENTS 


Ball  consumption 
K.C.N.  consumption 
Zinc  dust  consumption 

Lead  nitrate 

Life  of  vibrating  screens 
Life  of  filter  bags 


1.8  pounds  per  ton  of  ore  milled 
0.5  pounds  per  ton  of  ore  milled 
0.025  pounds  per  ton  of  solution 
(650  tons  solution  per  24  hours) 
1.5  pounds  every  24  hours 
6  weeks 
130  days 
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Department  of  Commerce 


UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 
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MIIHl'TC-  lAWS  01'  lilTVIA^ 
B7  E.  F.  Youngman^ 


PPJEPATOIIY  ITOTS 

This  paper  presents  one  of  a  series  of  digests  of  foreign  mining  legis¬ 
lation  and  court  decisions  that  is  being  prepared  in  adva.nce  of  a  general  re¬ 
port  relative  to  the  ri^its  of  American  citizens  to  explore  for  minerals  and 
to  own  and  operate  mines  in  various  foreign  countries.  This  interpretation 
of  the  mining  laws  of  Latvia  lias  been  nrepared  entirely  from  a  translation 
of  a  reply  to  a  questionnaire  of  the  United  States  Bureau  of  Ivlines,  made  in 
the  Latvian  Ministry  of  Finance,  fornarded  by  Frederick  U.  B.  Coleman,  the 
American  Minister  at  Riga,  and  transmitted  to  the  B’ureau  of  Mines  throu^ 
the  courtesy  of  the  Department  of  State. 

lUTRODUCTIOU 

The  mining  laws  of  Russia  (Collection  of  Laws,  vol.  7,  1912)  are  still 
in  force  in  Latvia.  The  Free  State  of  Latvia  (declared  indenendent  on 
November  8,  1918)  is  composed  chiefly  of  the  Baltic  Provinces  of  the  former 
Russian  Empire,  which  are  ethnograiiiically  Lettish:  The  Province  of  Courland, 
four  districts  of  the  Province  of  Livonia,  and  three  districts  of  the 
Province  of  Vitebsk.  Since  the  establishment  of  its  independence,  Latvia 
has  not  felt  the  need  of  a  special  mining  law,  inasmuch  as  mining  so  far  has 
not  been  found  profitable  in  that  country. 

A  supplement  to  this  paper,  entitled  "Mineral  Resources,"  is  a  brief 
summary’’  of  the  minerals  found  and  utilized  in  Tjatvia. 


FJCETS  CF  FOPJ]IG-NHRS 


A  foreign  individual  is  permitted  to  explore  for  minerals  and  to  own 
and  operate  mines  in  Latvia  on  equal  terms  with  Latvians. 

A  foreign  corporation  is  required  to  establish  a  branch  in  Latvia,  which 
shall  be  subject  to  the  corporation  laws  of  the  country.  A  certain  number  of 
the  partners  or  incorporators  must  be  citizens  of  Latvia. 


1  -  The  B'jireau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 

the  following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S. 
Bureau  of  Mines  Information  Circular  6542." 

2  -  Rare  metals  and  nonmetals  division. 
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O'iTMSHIP 

The  owner  of  the  surface  land  is  owner  also  of  everything  heneath  it. 
Even  on  private  lands,  permission  from  the  Government  to  exploit  minerals 
is  required, 

PxlOSPECTIEG 

Prospecting  on  private  land  may  he  done  only  with  the  consent  of  the 
landowner;  the  State  does  not  imnose  any  special  terms  upon  either  the  pros¬ 
pector  or  the  owner  of  the  surface. 

To  prospect  on  State-owned  land,  the  consent  of  the  Government  is  re¬ 
quired  "if  the  exploration  is  connected  with  the  cutting  of  trees,  drilling, 
and  other  earth  worh."  The  following  regulations  atrpljr  to  prospecting  per¬ 
mits  for  State  land. 

A  prospecting  permit,  giving  exclusive  ri^t  to  the  permittee  to  explore 
in  a  given  area,  is  issued  hy  the  Ministry  of  Agriculture  to  any  one  willing 
to  comply  with  all  legal  stipulations,  Tlie  law  does  not  prescribe  any  def¬ 
inite  qualifications  for  a  permit  holder,  A  permit  covers  a  definite  area 
for  a  specified  mineral  or  minerals:  4  square  versts^  (about  l-J  square  miles) 
for  any  mineral  except  petroleucn  ("naptha"),  for  which  90,000  square  sagenes^ 
(about  0,16  square  mile)  are  allowed. 

A  permit  to  explore  for  petroleum,  or  naptha.,  is  valid  for  1  year;  a 
permit  for  an;r  other  mineral  raaj?’  extend  over  2  or  3  years. 

In  order  that  a  prospecting  permit  may  remain  in  force,  it  is  necessary 
that  work  thereunder  be  commenced  within  a  year  of  the  issuance  of  the  permit 
and  that  no  interruption  of  work  be  of  more  than  one  year's  duration. 

A  fee  (beginning  with  the  second  year)  of  30  lats^  (about  $5.75)  is 
levied  for  each  area. 

A  prospecting  ri^t  may  be  transferred  to  another  person,  provided  noti¬ 
fication  of  the  t>roposed  transfer  is  made  to  the  Commercial  and  Industrial 
Department,  which  is  required  to  make  the  necessary  notations  on  the  permit. 

MIl'HEG 

A  permit  to  mine  on  private  land,  as  well  as  on  State  land,  is  required. 
S'ach  a  permit,  or  concession,  is  issued  by  the  Commercial  and  Industrial  De¬ 
partment. 

A  mining  right,  which  may  be  transferred  only  with  the  consent  of  the 
Commercial  and  Industrial  Department,  is  granted  for  an  unlimited  period — 
until  exploitation  shall  have  been  completed. 


3  -  A  square  verst  equals  0.4394  square  mile. 

4  -  A  square  sagene  equals  49  sqiaare  .feet. 

5  -  The  estimated  value  of  the  lat  in  U.  S.  currency  in  1929  was  19,3  cents. 
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An  area  of  1  square  mile  may  “be  allotted  on  State  lands  for  all  minerals 
except  petroleum  ("naptha")*  ^’or  which  from  1  to  10  dessiatines^  may  he 
granted. 

Forfeiture  of  a  mining  rigjat  may  result  if  the  holder  thereof  does  not 
pay  the  rent  due  upon  State  land,  does  not  undertalce  operations  within  the 
legally  prescribed  time,  does  not  produce  the  quantity  of  minerals  required 
hy  the  Commercial  and  Industrial  Department,  or  does  not  fulfill  any  other 
provision  of  the  law. 


TAJCES  AND  Risers 

The  explorer  is  required  to  pay,  in  addition  to  a  mining  tax,  a  rent 
equivalent  to  the  average  received  hy  the  State  for  the  land  in  question  for 
the  preceding  three  years. 


SUPPLEMENT 
Mineral  Resources 

Latvia  (24,440  miles  square,  slightly  larger  than  the  State  of  West 
Virginia)  is  not  mining  country,  70  per  cent  of  its  population  being  engaged 
in  agriculture.  In  the  latter  uart  of  1928,  the  Latvian  Department  of  Indus¬ 
try  stated  that,  with  the  exception  of  i)eat,  clay,  gypsum,  limestone,  and 
similar  rock  strata,  no  mineral  deposits  of  any  importance  existed  in  Latvia. 

One  concession  conveying  the  right  to  prospect  for  oil  and  another  for  the 
right  to  dig  and  collect  amber  along  the  sea  coast  of  the  Libau  district  had 
been  granted,  but  mineral  resources  were  confined  almost  entirely  to  dolomite  ;  ' 
and  limestone  (ujsed  in  making  cement),  clay  (used  in  the  manufacturing  of 
bricks)yfand  some  gypsum.  Peat,  the  resources  of  which,  according  to  a  report 
made  in  1921,  amount  to  16,000,000,000  cubic  yards  (covering  6,517  square 
kilometers),  is  used  locally  as  fuel;  but  since  it  appears  rarely  on  the  market, 
the  annual  production  thereof  is  difficult  to  estimate. 

t 

The  following  table  of  the  country’s  mineral  production  for  1929  contains 
the  latest  available  data,  obtained  from  the  report  of  the  American  consul  at 
Riga  in  answer  to  the  bureau's  questionnaire.*^  As  a  result  of  increased  tariff 
protection,  an  increase  in  the  production  “of  cement  by  the  one  factory  operating 
in  recent  years  was  looked  for  in  1930.  Of  the  total  production  of  gypsum 
(35,000  metric  tons),  26,875  tons  was  exported  to  Finland  and  Sweden. 


6  -  A  dessiatine  equals  2.7  acres  (0.00421  square  mile). 

7  -  Hurley,  John  P. ,  American  consul,  Riga,  Mineral  Production  of  Latvia,  1929; 

May  9,  1930,  Bureau  of  Mines  foreign  file  9948. 
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Estimated  mineral  production  of  Latvia,  1929^ 


Minerals 

Quantity 
(metric  tons) 

Value 

(lats) 

Cement  . . . 

28,000 

1,400,000 

Clay  .'. . . . 

60,000,000 

1,000,000 

Gypsum . 

35,000 

350,000 

Iron  ore  . 

ITil 

Nil 

Peat  . 

2,500 

90,000 

Stone: 

Dolomite  . 

Negligible 

tarl  (for  cement) 

No  data 

Sandstone  . . 

Nil 

Other  stone  .... 

No  data 

200,000 

1  -  Hurley,  John  P. ,  American  consul.  Mineral  Production  of  Latvia,  1929: 


May  9,  1930,  Bureau  of  Mines  foreign  file  9948, 

In  addition,  Rogers^  mentions  large  quantities  of  ferruginous  earth, 
used  locally  as  iron  ore  in  ancient  times,  until  cheap  transpPrtation  made 
it  more  profitable  to  use  imported  iron.  Chalk  formations  occur  in  a  few 
places,  hut  usually  the  layers  of  chalk  do  not  reach  the  surface  Of  the 
earth.  An  area  of  brown  coal  of  about  100  sqnare  kilometers  was  located. 
Limited  quantities  of  ferric  ochre  have  been  found. 

Reports  refer  to  the  finding  of  petroleum  in  Latvia  in  1921  or  1922 
and  to  the  granting  of  an  oil  concession  in  1928.  But  as  yet  no  production 
has  been  recorded;  moreover,  the  most  recent  report  (February  12,  1931) 
definitely  states  that  there  is  no  oil  drilling  in  Latvia,  On  May  12,  193i, 
the  Latvian  Parliament  approved  a  regulation  that  ordered  the  admixture  of 
alcohol  in  internal -combust ion-engine  fuels  as  a  means  of  reducing  the  im¬ 
ports  of  motor  fools.  The  one  oil  refinery  of  the  country  operates  chiefly 
upon  the  crude  product  from  Soviet  Russia, 

t  f,  ■  - '  ■»  '  ' '  '  ’ 

According  to  Rogers,^  clay,  lime,  gjrpsum,  cement,  and  chalk  indtistries 
have  been  well  develooed  in  Latvia.  He  says’: 

In  1910  mineral  products  were  manufactured  in  150  enterprises, 
employing  12.000  workmen.  The  factories  were  located  mostly  in 
Riga — two  of  them  manufactxiring  china,  crockery,  and  terra-cotta 
wares  and  employing  3,390  workmen. 

The  most  highly  developed  industry  was  the  manufacture  of 
brick  and  roofing  tiles,  which  comprised  71  enterprises,  employing 
■  4, 579  workmen.  ■ 


8  -  Rogers,  Leighton  W.,  Mineral  Wealth  of  Latvia  and  its  Utilization: 

Trade  Commissioner's  Reuort,  Aug.  31,  1922,  Bureau  of  Mines  foreign 
file  4956. 

9  -  Rogers,  Leighton,!,,  Work  cited. 
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The  n-umher  of  limekilna  also  was  rather  large. 

The  gypsum  mines  developed  along  the  hanlcs  of  the  Bvina,  Li  viand, 
Aa,  and  Windau  Rivers  produced  gypsum  not  only  for  domestic  needs  hut 
also  for  exuort,  Porty-five  enterprises,  having  1,700  workmen,  were 
producing  and  manufactoiring  gypsum,  lime,  cement,  and  clrnlk. 

Purthermore,  there  were  in  1910  as  many  as  14  glass  works,  employ¬ 
ing  2,100  workmen.  These  factories  were  located  mostly  in  I^iga,  "Windau, 
and  the  district  of  Dvinsk. 

In  1S21,  of  the  factories  mentioned,  there  were  in  operation: 

22  hrick  works,  1  cement  factory,  8  tile  and  pottery  works,  5  quarries, 

6  glass  works,  and  3  looking-glass  factories,  employing  in  all  1,700 
worlcmen. 

A  publication  of  1929  (The  Bank  of  Latvia)  said:  "The  ceramic  and 
stoneware  industries,  which  were  developed  in  previous  years  and  then  went 
throu^  a  critical  period,  were  briskly  active  last  year." 


-  5  - 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


MINING  PRACTICES,  METHODS,  AND  COSTS  AT 
ELKORO  MINES,  JARBIDGE,  NEV.  * 

By  John  Furness  Park^ 


.  .  INTRODUCTION 

This  paper,  which  describes  the  mining  methods  and  practices  at  the  Jarbidge  mines  of 
the  Elkoro  Mines  Co.,  is  one  of  a  series  of  papers  being  issued  by  the  United  States  Bureau 
of  Mines  on  mining  methods  and  costs  in  various  districts  throughout  the  United  States. 

LOCATION  AND  HISTORY 

The  Elkoro  Mines  Co.'s  property  is  located  at  Jarbidge  in  the  northeast  corner  of  the 
State  of  Nevada  (fig.  1).  The  camp  is  9  miles  south  of  the  Idaho  line;  the  nearest  railroad 
point  is  70  miles  to  the  northeast  at  Rogerson,  Idaho.  A  road  leading  to  the  south  and 
connecting  with  Deeth,  Nev.,  is  passable  during  the  summer  months;  the  heavy  snowfall  which 
generally  takes  place  early  in  the  winter  usually  closes  the  road  until  the  first  of  July. 

The  town  of  Jarbidge  is  situated  in  a  narrow  canyon  at  an  elevation  of  6,100  feet  aoove 
sea  level.  The  walls  of  the  canyon  rise  steeply  on  each  side  of  the  camp,  protecting  it 
somewhat  from  very  severe  weather  and  making  possible  a  system  of  mining  by  adits. 

The  original  discoverer  of  the  camp,  D.  A.  Bourne,  entered  the  region  from  the  west  on 
a  prospecting  and  fishing  trip  in  1909.  In  panning  the  gravel  along  the  creek  bottom  he 
found  free  gold  which  apparently  had  its  source  on  the  hillside  to  the  east  of  the  main 
valley.  He  staked  a  number  of  claims  before  returning  to  civilization,  and  by  his  reports 
created  a  small  gold  rush.  Within  a  few  months  a  tent  town  of  about  2000  persons  had  been 
built  in  the  canyon,  and  the  hillsides  for  several  miles  around  were  located.  The  next 
4  or  5  years  proved  to  be  a  period  of  extensive  speculation  but  rather  meager  development, 
and  the  camp  gradually  dwindled  to  a  population  of  400  or  500.  Three  or  four  mills  had  been 
built  during  the  boom  times,  but  the  orebodies  were  mostly  too  small  to  warrant  any  such 
investment,  and  the  stockholders  in  these  ventures  lost  a  great  deal  of  money. 

During  1915  and  1916  a  number  of  claims  were  consolidated  under  one  company  and  a  vein 
was  opened  up  which  proved  to  be  of  commercial  value.  This  property  was  acquired  by  the 
Elkoro  Mines  Co.,  by  whom  a  mill  was  constructed  in  1917.  This  company  has  operated  con¬ 
tinuously  since  that  time,  with  an  average  mine  production  of  between  100  and  150'  tons  of 
gold-silver  ore  per  day. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  article  provided  the  following  footnote  acknowledgment  Is  used; 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6543." 

2  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  mine  superintendent,  Elkoro  Mines  Co. 
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GEOLOGY  AND  PHYSICAL  CHARACTERISTICS 

The  Jarbidge  mining  district  consists  of  a  series  of  Tertiary  volcanic  flows  which  have 
undergone  extensive  alteration.  They  are  cut  by  a  large  number  of  faults  of  varying  de¬ 
grees  of  magnitude  and  movement  which  make  the  orebodies  exceedingly  difficult  to  follow. 
The  gold  and  silver  is  found  in  quartz  veins  having  average  dips  of  60  to  80°  from  the 
horizontal.  The  strike  is  roughly  southeast  and  northwest  but  is  subject  to  local  changes 
edue  to  extensive  ground  movement. 

The  veins  vary  greatly  in  length  and  width.  The  principal  vein  which  has  been  developed 
in  the  district  has  been  followed  in  ore  for  a  distance  of  over  a  mile  and  no  doubt  extends 
in  some  form  for  several  times  that  distance.  Other  veins,  principally  of  a  grade  too  low 
for  mining,  can  be  traced  on  the  surface  as  far  as  4  or  5  miles.  The  width  of  the  main  vein 
averages  about  6  feet,  ranging  from  narrow  stringers  up  to  20  feet  in  rare  instances. 

The  vin  is  enriched  by  small  leads  usually  entering  and  crossing  the  main  ledge  at  about 
a  60°  angle.  At  these  places  it  is  often  possible  to  widen  the  stopes  slightly.  Experience 
has  shown  that  these  branching  or  intersecting  veins  do  not  carry  commercial  values  away 
from  the  main  ore  body. 

An  operating  difficulty  is  usually  experienced  in  mining  the  ore  of  split-off  shoots 
extending  into  the  hanging  wall.  The  values  may  extend  3  or  4  feet  along  the  diverging  vein. 
In  stoping  out  this  ore,  a  shelf  is  formed  in  the  hanging  wall  that  requires  a  large  amount 
of  timbering  and  blocking. 

Except  at  the  crossings  the  walls  of  the  veins  are  clearly  defined.  At  these  points 
some  of  the  wall  rock  usually  is  broken  to  make  sure  that  all  the  commercially  valuable 
material  is  obtained.  Fault  zones  roughly  paralleling  the  vein  and  located  6  to  8  feet  in  - 
the  hanging  wall  occur  at  a  few  places  in  the  mine. 

The  economic  metals  of  the  deposits  are  gold  and  silver.  They  occur  in  the 
form  of  native  gold,  gold-silver  alloy,  or  electrum,  and  the  silver-bearing  min¬ 
erals  argentite,  cerargyrite,  and  naumannite.  The  primary  metallization  produced 
mainly  sulphides,  chiefly  argentite  and  pyrite,  but  from  the  oxidized  portions  of 
the  veins  pyrite  has  practically  disappeared. 

The  chief  gangue  minerals  are  quartz  and  adularia,  and  a  common  feature  is 
their  microcrystalline  to  cryptocrystalline  character.  The  quartz  is  the  more 
important,  as  its  dominance  or  abundance  favors  the  occurrence  of  the  ore  minerals, 
especially  gold. ® 

No  ore  of  very  high  value  is  found,  a  period  of  years  yielding  a  mill  feed  of  slightly 
over  $10.  The  values  occur  fairly  regularly  through  the  vein;  that  is,  there  are  no  pockets 
of  ore,  although  here  and  there  along  the  vein  lean  spots  occur  which,  in  stoping,  are 
usually  left  as  pillars. 

During  the  early  years  of  mining  at  Jarbidge  the  amounts  of  gold  and  silver  recovered 
were  about  equal,  by  weight.  As  operation  continued  into  veins  further  to  the  west,  however, 
the  proportion  of  silver  has  increased,  until  at  present  there  is  about  ten  times  as  much 
silver  as  gold  in  the  finished  bullion.  These  workings  are  still  in  the  oxidized  zone. 


3  Schrader,  F.  C.,  The  Jarbidge  Mining  District,  Kevada;  U.  S.  Geol.  Survey  Bull.  741,  1923,  p.  26. 
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Figure  I.-  Location  of  Jarbidge  and  other  mining  camps  Figure  3.-  Generai  arrangement  of  winze 
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PROSPECTING  AND  EXPLORATION 

Although  the  rugged  nature  of  the  country  exposes  numerous  outcrops  which  are  of  value 
■.o  the  experienced  geologist,  the  overburden,  consisting  principally  of  gravel  and  slides, 
covers  the  hillsides  to  a  sufficient  depth  to  hide  the  more  obvious  indications  of  vein 
material.  During  the  early  years  of  the  camp,  attempts  were  made  to  locate  veins  by  a  study 
cjf  the  values  found  in  the  surface  covering.  Test  holes  were  dug  at  regular  intervals,  the 
d.trt  was  panned,  and  the  results  plotted  with  the  purpose  of  locating  any  concentration  of 
values.  The  data  obtained  by  this  method  proved  to  be  unreliable,  for,  although  gold  and 
silver  values  were  found  in  the  loose  overburden  in  the  vicinity  of  known  veins,  a  number  of 
locations  which  showed  even  better  pannings  proved  not  to  be  associated  with  ledges  of  any 
kind.  This  condition  was  no  doubt  due  to  the  steepness  of  the  country  as  a  whole,  which 
would  cause  movement  of  the  loose  material  for  long  distances  without  any  definite  trail  to 
indicate  the  original  source. 

The  Elkoro  Mines  Co.  has  taken  the  obvious  course  of  having  the  surface  geology  care¬ 
fully  mapped  in  detail  and  a  study  made  of  all  openings  available  over  a  fairly  wide  area. 
This  work  was  done  by  a  geologist  who  was  thoroughly  familiar  with  the  type  of  formations 
encountered  and  whose  conclusions  have  proved  extremely  valuable  in  the  constant  search  for 
new  orebodies. 

A  careful  study  of  the  rhyolite  flows  led  to  the  conclusion  that  the  veins  are  of  value 
only  within  certain  vertical  limits  outside  of  which  the  gold  and  silver  content  falls  below 
the  point  of  commercial  value,  although  the  vein  itself  may  continue  and  be  as  strong  and 
well  defined  as  before.  This  vertical  component  seldom  exceeds  650  feet,  so  that  the  problem 
ol  finding  ore  beyond  any  large  fault  zone  involves  not  only  relocating  the  vein  itself  but 
rinding  it  in  a  flow  which  is  favorable  for  the  ore.  This  is  a  serious  difficulty  because 
the  movement  on  the  fault  planes  often  exceeds  a  thousand  feet  vertically,  horizontally,  or 
Doth,  and  the  rhyolite  flows  are  very  similar  in  appearance  and  characteristics. 

The  combination  of  these  features  tends  to  make  prospecting  and  development  both  slow 
and  expensive.  The  presence  of  faulting  throughout  the  orebody,  moreover,  causes  weak  walls 
and  spots  with  low  mineral  values,  thus  having  a  detrimental  effeot  on  ore  extraction. 

Diamond  drilling  has  been  done,  but  with  only  slight  success.  Not  only  are  the  gold 
and  silver  values  irregularly  distributed  in  the  veins,  but  the  vein  material  cores  poorly. 
As  a  result,  the  numerous  fault  zones  penetrated  by  the  drill  produce  sludge  which  is  diffi¬ 
cult  to  distinguish  from  true  vein  material,  and  the  difficulty  is  increased  by  the  minor 
gold  and  silver  values  frequently  found  in  such  zones.  Diamond  drilling  is  consequently  un¬ 
suitable  as  a  prospecting  medium.  However,  it  might  prove  very  useful  as  a  means  of  deter¬ 
mining  the  thiokness,  character,  and  relations  of  the  various  rhyolite  flows  in  new  areas. 

SAMPLING  AND  ESTIMATING  TONNAGES 

Sampling  is  done  by  hand,  following  the  ordinary  practice  of  cutting  a  shallow  channel 
across  the  face  or  back. 

Development  headings  are  sampled  after  each  round.  In  stopes,  cuts  generally  consist¬ 
ing  of  from  3  to  5  samples  are  made  across  the  entire  width  of  the  stope  at  intervals  of 
5  feet  throughout  the  length.  By  careful  inspection  of  the  assay  results  of  the  samples 
thus  obtained  it  is  possible  to  control  the  width  of  the  opening  to  the  best  advantage. 

In  estimating  orebodies  the  results  of  the  drift  samples  are  averaged,  together  with 
these  from  any  raises  or  winzes  which  may  pass  through  the  ore.  The  widths  and  values  thus 
obi  ained  are  assumed  to  be  correct  for  the  block.  The  cubical  contents  of  the  block  are  cal¬ 
culated  and  reduced  to  tons  by  the  use  of  a  factor  which  varies  from  17  to  19  cubic  feet  per 
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ton  of  ore  in  place.  This  figure  is  one  which  has  been  found  by  experience  to  make  the 
proper  correction  for  variations  in  stoping  widths. 

The  value  per  ton  estimated  for  any  block  of  ore  by  this  method  will  average  about  17 
per  cent  higher  than  the  actual  extraction,  but  the  difference  is  more  than  compensated  for 

by  the  increase  in  actual  tonnage  over  that  estimated.  Ordinarily  the  total  number  of  tons 
obtained  from  an  orebody  will  exceed  the  estimate  by  about  20  per  cent,  due  partly  to  the 
additional  material  broken  as  explained  before,  and  partly  to  dilution  caused  by  the  slough¬ 
ing  of  the  walls  during  the  drawing  of  the  stopes.  These  factors  are  considered  when  re¬ 
porting  estimates,  but  it  is  almost  impossible  to  estimate  any  one  block  of  ore  within  20 
per  cent  of  its  final  production.  This  is  due  to  the  continually  changing  width  of  the 
vein  and  the  changes  in  the  nature  of  the  wall  rock,  which  cause  more  or  less  dilution  of 
the  broken  ore. 


DEVELOPMENT  AND  MINING 

No  definite  plan  of  development  can  be  decided  upon  in  advance,  owing  to  the  irregular¬ 
ity  of  the  orebodies  and  the  necessity  of  adapting  the  operations  to  local  conditions.  Up 
to  the  present  it  has  been  possible  to  open  all  the  workings  with  adits  from  the  surface; 
the  ore  is  transported  to  the  mill  either  by  traxn  or  by  aerial  tramways.  However,  the 
company  has  recently  opened  up  a  body  of  ore  below  the  level  of  the  lowest  adit  and  the 
material  from  this  level  is  hoisted  through  a  winze  to  a  haulage  aidit 

The  adits  from  the  surface  are  spaced  at  approximately  150-foot  vertical  intervals  and 
two  of  them  serve  as  main  haulage  ways.  The  ore  is  either  hoisted  to  one  of  these  levels 
or  run  through  ore  passes  from  higher  stopes  (fig.  2). 

All  the  levels  are  connected  by  raises  or  winzes  at  convenient  points.  These  are 
usually  driven  to  explore  orebodies  but  are  so  placed  as  to  serve  later  for  stope  manways  oi 
ore  chutes.  They  also  provide  ventilation  for  stoping. 

Winzes 

Winzes  are  of  the  2-compartment  type  and  are  sunk  either  in  the  vein  or  in  the  wall 
rock,  depending  on  which  will  be  more  convenient  for  the  work  in  view.  In  either  case  they 
are  on  a  dip  of  approximately  70°  from  the  horizontal  which  has  the  advantage  of  causing 
slight  wear  on  the  wheels  and  running  gear  of  the  skips  owing  to  the  comparatively  light 
pressure  against  the  walls.  Each  compartment  is  4  by  4  feet  in  the  clear,  one  side  accommo¬ 
dating  the  skipway  and  the  other  the  ladders,  air  pipe,  and  other  equipment. 

At  the  upper  end  a  skip  pocket  is  constructed  which  holds  from  75  to  100  tons  (fig.  3). 
It  has  been  found  advisable  to  make  such  pockets  large  enough  so  that  when  hoisting  is  done 
on  three  shifts  the  pockets  need  be  drawn  only  on  the  day  shift.  On  the  lower  level  the  ore 
is  trammed  by  hand  and  dumped  directly  into  the  skip  in  the  winze.  Because  of  the  short 
hoisting  distance  the  skip  can  be  pulled  up,  dumped,  and  returned  in  such  a  short  time  that 
no  delay  is  experienced  by  the  trammers. 

To  avoid  excessive  spilling  around  the  sides  of  the  skip  when  dumping  into  it,  a  square 
funnel  is  hinged  to  the  edge  of  the  track  level  in  such  a  way  that  the  car  in  approaching 
the  skip  knocks  it  into  position  for  dumping.  The  trammer  after  dumping  his  car  pulls  a 
rope  which  raises  the  funnel  to  the  upright  position  again  where  it  clears  the  skip. 

As  the  winzes  seldom  exceed  150  feet  in  depth  the  sinking  buckets  and  ore  skips  are  of 
small  capacity.  Ordinarily  a  round  bucket  of  1,200  pounds  capacity  is  used  during  the  sink¬ 
ing  operations;  this  runs  on  a  skidway  of  round  poles  of  from  6  to  8-inch  diameter.  When 
the  winze  is  to  be  used  to  hoist  ore  from  stopes,  a  track  is  substituted  for  the  pole  skids 
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and  the  bucket  is  replaced  by  a  self-dumping  skip  with  a  capacity  of  24  cubic  feet.  It  has 
been  found  necessary  to  build  the  box  of  the  skip  from  extra  heavy  material  to  withstand  the 
continual  dumping  from  cars.  This  has  proved  to  be  much  more  damaging  than  loading  from  a 
chute,  as  there  is  a  tendency  for  trammers  to  place  large  rocks  on  top  of  their  loads,  which 
naturally  strike  the  bottom  or  back  of  the  skip  before  there  is  any  protecting  covering  of 
fines . 

The  v/inze  hoists  are  of  30  to  60  horsepower,  and  use  f-inch  wire  rope.  They  are  placed 
in  the  hanging  wall  at  the  level  of  the  winze  collar,  thus  allowing  the  hoist  operator  ready 
access  to  the  skip  when  loading  supplies. 

Drifts  and  Crosscuts 

Drifts  and  crosscuts  are  driven  5  by  7  feet  in  the  clear  and  are  timbered  with  round 
native  pine  timber.  Sets  are  placed  at  5-foot  intervals  and  lagged  with  either  split  poles 
or  3-inch  plank  cut  at  a  local  sawmill.  During  the  past  few  years  a  shortage  of  available 
pine  timber  for  saw  logs  has  caused  the  company  to  resort  to  the  use  of  a  cottonwood  foun  i 
along  the  canyon.  This  wood  has  proved  to  be  extremely  tough  and  serviceable  in  the  mine, 
although  when  green  its  weight  makes  it  somewhat  troublesome  to  handle. 

The  ground  will  generally  stand  for  some  time  without  timbering  except  in  faulted  sec¬ 
tions,  but  in  drifts  or  tunnels  which  are  used  for  extended  periods  the  ground  tends  to  air- 
slack  to  such  an  extent  that  it  is  usually  necessary  to  place  sets  and  lagging  throughout 
the  greater  part  of  their  length. 

Drifting  is  generally  done  on  two  shifts,  the  crew  consisting  of  one  miner  and  two 
muckers  for  each  round.  The  muck  is  taken  out  by  hand  during  the  drilling  of  the  round. 
It  is  seldom  necessary  to  timber  close  to  the  face  during  the  driving  so  that  the  timber 
crews  are  able  to  work  well  back  of  the  working  face  and  independently  of  the  drilling  crew. 

No  attempt  is  made  to  use  standard  rounds,  as  the  condition  of  the  rock  varies  greatly 
from  one  round  to  the  next.  Ordinarily  from  twelve  to  sixteen  6-foot  holes  are  drilled, 
using  a  down  cut.  One-man  drifting  machines  are  used  which  take  l-g—inch  hollow  round  steel 
The  bits  are  formed  with  1/8  inch  changes  in  gage.  All  blasting  in  the  mine  is  done  with  40 
per  cent  strength,  low-freezing  gelatin  dynamite  in  1-J^  by  8  inch  sticks  and  No.  8  caps.  No 
stemming  is  used.  The  miners  blast  their  own  rounds  and  report  to  the  shift  boss  any  missed 
holes  so  that  the  next  shift  will  be  properly  warned  before  going  to  work. 

Raises 


Raises  are  generally  run  in  the  vein  and  the  full  width  of  the  ore,  which  seldom  ex¬ 
ceeds  12  to  14  feet.  The  length  of  the  raise  along  the  vein  will  be  from  10  to  20  feet, 
depending  on  what  use  the  raise  will  be  put  to  in  the  future.  In  cases  where  it  will  serve 
as  a  stope  manway  the  length  is  increased  so  that  a  chute  can  be  built  on  each  side  of  the 
manway.  On  the  other  hand,  if  the  raise  is  put  up  in  a  low-grade  section  of  a  vein  in  hope 
of  finding  milling  ore  above,  it  is  made  as  small  as  working  conditions  will  allow. 

Raises  are  timbered  with  round  stulls  spaced  5  feet  apart  and  lagged.  In  order  to 
facilitate  the  handling  of  timber  and  drilling  supplies  in  the  raises  a  narrow  slide  of  2- 
inch  plank  in  which  a  small  skip  is  operated  is  carried  up  alongside  the  ladder.  The  hoist¬ 
ing  is  done  by  means  of  small  air  hoists  of  the  "tugger"  type,  which  are  easily  and  quickly 
installed  at  the  foot  of  the  manways. 
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STOPING 

Two  methods  of  sloping  have  been  used  at  Jarbidge,  the  shrinkage  and  the  cut-and-fill 
methods.  The  greatest  part  of  the  ore  taken  out  has  been  mined  by  the  first  method  and  the 
filling  of  slopes  has  been  resorted  to  only  v/hen  the  wall  rock  was  extremely  unstable.  Dur¬ 
ing  1930,  to  which  year  most  of  the  costs  given  in  this  paper  apply,  no  filled  slopes  were 
worked.  It  is  probable,  however,  that  at  least  one-third  of  the  ore  produced  in  1931  will 
be  taken  from  this  type  of  slope. 


Shrinkage  Sloping 

In  starting  shrinkage  slopes,  drifts  the  full  width  of  the  ore  are  run  on  the  vein  and 
a  round  is  shot  out  of  the  back.  Stulls  are  placed  and  the  drift  lagged  over  through  the 
section  to  be  sloped.  Chutes  for  drawing  the  ore  are  spaced  at  15-foot  intervals.  These 
are  built  of  3-inch  native  lumber  and  are  not  standardized,  as  it  has  been  found  that  better 
results  are  obtained  when  the  chutes  are  cut  and  fitted  where  they  are  to  be  used.  In  the 
building  of  chutes  the  cottonwood  lumber  mentioned  previously  has  proved  very  serviceable 
because  of  its  long-wearing  qualities.  Manways  are  placed  at  intervals  determined  by  the 
conditions  encountered  or  by  raises  which  have  been  put  up  for  development  purposes  and  can 
be  utilized  for  the  slopes.  The  manways  v/ill  generally  average  125  feet  apart,  the  deter¬ 
mining  factor  being  the  distance  which  the  hose  for  the  sloping  machines  must  reach  to  the 
nearest  air  line.  In  order  to  simplify  the  connecting  of  a  number  of  machines  at  some  dis¬ 
tance  from  a  manway,  a  large  hose  is  connected  to  the  air  pipe  and  run  across  the  slope 
where  it  ends  in  a  manifold  to  which  the  individual  machines  may  be  attached.  These  large 
hose  are  50  feet  long  and  are  much  quicker  and  easier  to  connect  than  a  temporary  pipe. 

The  length  of  a  sloping  section  is  determined  by  the  distance  between  two  manways,  and 
is,  therefore,  usually  about  125  feet.  Each  section  is  usually  carried  up  horizontally, 
but  adjacent  sections  are  not  nece.ssarily  kept  abreast,  and  their  relative  advance  is  de¬ 
termined  by  operating  convenience. 

Drilling  is  done  with  stopers.  One-inch  hollow  square  drill  steel  with  a  double-taper 
crossbit  is  used  with  al]  wet  stopers.  The  vein  material  is  drilled  rather  easily,  as  it  is 
of  only  medium  hardness,  and  it  is  seldom  that  a  driller  will  use  more  than  three  sets  of 
steel  during  a  day.  The  work  is  done  on  tho  basis  of  a  day's  pay  in  the  slopes,  since  the 
size  and  shape  of  the  vein  is  constantly  changing  and  it  is  difficult  to  make  any  definite 
standard  for  contract  drilling.  A  bonus  system  based  on  the  number  of  feet  drilled  was  put 
in  operation  at  one  time,  but  it  was  found  to  be  unsatisfactory,  as  the  holes  were  not  as 
carefully  placed  and  the  resulting  loss  in  explosives  more  than  offset  any  gain  in  drilling. 

Very  little  plugging  is  done  in  the  slopes.  Such  plugging  as  is  necessary  at  the 
chutes  is  done  by  the  trammers,  who  use  sloping  drills  from  the  floor  of  the  drift. 

During  the  breaking  of  the  ore  about  23  per  cent  is  drawn  from  the  slope,  which  leaves 
the  top  of  the  broken  ore  at  the'  proper  working  distance  from  the  back.  Very  little  diffi¬ 
culty  is  encountered  in  the  form  of  ore  arching  o^  otherwise  hanging  up  in  the  slopes  while 
drawing.  Usually  when  a  chute  fails  to  run,  drawing  an  adjacent  chute  will  bring  the  ore 
down  without  damage.  More  obstinate  chutes  are  brought  down  by  exploding  a  small  amount  of 
powder  on  the  end  of  a  long  stick. 

Shrinkage  slopes  are  run  up  to  as  high  as  250  feet,  with  very  little  timber.  Pillars 
are  left  at  lean  points  in  the  vein  or  where  the  wall  shows  signs  of  weakness.  When  the 
breaking  has  been  completed  (usually  about  4  feet  below  the  next  level),  a  strong  overhead 
bulkhead  of  poles  is  placed  through  the  entire  length  of  the  slope  to  protect  the  timber 
crews  who  follow  down  the  ore  as  it  is  drav/n.  These  men  place  stulls  across  the  slope  to 
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support  all  loose  or  weak  portions  of  the  hanging  wall  and  thoroughly  clean  down  the  walls 
as  the  ore  recedes.  Any  pillars  of  valuable  ore  are  removed  if  it  is  possible  to  replace 
them  with  timber.  Although  this  method  does  not  leave  the  stopes  in  a  permanently  safe  con¬ 
dition,  as  the  timbers  rot  in  a  matter  of  a  few  years'  time,  the  subsequent  caving  is  gradual 
and  not  particularly  harmful  to  working  levels. 

The  high  timbering-labor  charges  shown  in  the  cost  tables  are  due  chiefly  to  cost¬ 
keeping  methods.  All  labor  in  stopes,  except  actual  drilling  and  blasting,  is  done  by 
timbermen  and  their  helpers.  Much  of  this,  especially  during  the  drawing  off  of  stopes,  is 
not  timbering  but  mucking,  yet  because  of  the  difficulty  of  segregating  each  man's  time  to 
several  operations,  it  is  all  charged  as  timbering. 

Cut-and-Fill  Stopes 

The  filling  of  stopes,  as  explained  before,  is  done  only  where  conditions  make  it 
absolutely  necessary.  The  principal  occasion  for  filling  is  the  occurrence  of  fault  zones 
in  the  hanging  wall,  as  previously  mentioned,  which  causes  too  great  a  weight  on  the  open 
stope  to  be  supported  by  timber.  As  these  conditions  are  well  understood,  filled  stopes 
instead  of  shrinkage  stopes  are  always  started  in  such  places,  and  in  no  case  has  it  been 
necessary  to  convert  a  shrinkage  stope  into  one  of  the  cut-and-fill  type. 

Filled  stopes  are  provided  with  cribbed  ore  chutes,  the  cribbing  of  sawed  lumber  being 
framed  on  the  surface.  The  chutes  are  close  enough  together  so  that  the  ore  can  be  shoveled 
directly  into  them  by  hand,  and  no  cars  or  scrapers  are  used  in  the  stopes. 

Waste  fill  is  derived  from  waste  raises  driven  for  this  purpose  at  convenient  points  in 
the  walls  of  the  stope,  and  from  development  work  on  upper  levels.  The  latter  is  dropped 
through  the  ventilation  raises  directly  into  the  stope  and  spread  by  hand.  As  these  raises 
are  usually  only  one  or  two  in  number  in  any  section,  this  source  of  fill  serves  only  a  minor 
part  of  the  stope.  Deflecting  chutes  are  sometimes  built  under  the  raises  to  increase  the 
spread  of  the  ore. 

In  filled  stopes  the  ore  is  blasted  onto  shoveling  floors  of  2-inch  fir  plank,  which 
prevent  excessive  loss  of  fine  ore  in  the  waste  fill. 

UNDEH^GROUND  AND  SURFACE  TRANSPORTATION 

Track  of  12-pound  rails  and  18-inch  gage  is  used  throughout  the  mine.  The  ore  is  drawn 
by  trammers  from  the  stopes  into  20-cubic  foot  end-dump  cars.  These  are  trammed  either  by 
hand  or  in  short  trains  by  mule  power  and  dumped  into  the  skips,  on  lower  levels,  or  through 
grizzlies  with  12  gy  12  inch  openings  over  the  ore  passes  on  upper  levels. 

On  the  present  main  haulage  level  ore  is  drawn  from  stopes,  ore  passes,  or  winze  pockets 
into  26-cubic  foot  rocker-dump  cars.  Trains  of  8  cars  are  hauled  by  a  2-^-ton  storage-battery 
locomotive  over  a  distance  of  1,600  feet  to  the  mill  bin. 

At  a  level  350  feet  above  this  main  haulage  level  the  ore  is  trammed  to  the  surface  in 
cars  of  a  similar  type  and  dumped  into  a  bin.  From  this  bin  it  is  transported  by  aerial 
tramway  to  the  mill. 

The  tramway  is  1,200  feet  long  and  uMes  eight  645-pound  capacity  buckets.  The  speed 
ranges  between  275  and  300  feet  per  minute,  being  controlled  by  a  15-hp.  electric  motor, 
which  serves  chiefly  as  a  brake.  The  operating  cost  over  a  period  of  years  has  been  13.54 
cents  per  ton.  During  periods  when  the  company  was  operating  other  small  mines  in  the 
vicinity,  as  many  as  four  aerial  tramways  served  as  feeders  for  the  main  tramway.  Two  of 
these  smaller  lines  were  of  the  2-bucket  type,  using  1,000-pound  buckets,  and  had  capacities 
of  about  100  tons  per  8-hour  shift. 
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The  lower  principal  adit  is  at  the  elevation  of  the  townsite,  so  that  most  of  the 
timber  and  supplies  for  the  mine  are  taken  in  through  this  adit.  An  inclined  tram  line  on 
the  surface  with  a  30-hp.  electric  hoist  is  used  to  transport  such  material  as  is  necessary 
to  the  higher  levels. 


COMP.RESSED  AIR,  VENTILATION,  DRAINAGE,  AND  SAFETY 

One  compressor  is  located  at  the  townsite  adit  level  and  another  at  the  principal  work¬ 
ing  level  for  the  higher  workings.  The  compressores  are  connected  so  that  either  one  may 
serve  the  whole  mine  or  they  may  be  run  together.  This  is  a  decided  advantage,  as  for  short 
periods  the  air  load  e.xceeds  the  capacity  of  one  machine  while  usually  either  compressor 
will  supply  all  the  air  required.  The  blacksmith  shop  is  at  the  adit  level. 

Natural  ventilation  is  sufficient  for  the  whole  nine,  since  all  levels  are  connected  by 
raises  or  winzes.  In  development  tunnels  the  smoke  from  b.iasting  is  removed  by  the  use  of  a 
small  amount  of  compressed  air  after  the  round  is  shot-  In  the  case  of  long  drifts  or 
crosscuts  where  considerable  dead  air  may  accumulate  during  the  driving,  an  electrically 
driven  blower  of  the  propeller  type  is  placed  at  the  nearest  point  where  there  is  a  circula¬ 
tion  of  fresh  air,  and  a  12-inch  air  duct  of  flexible  tubing  is  hung  along  the  back  of  the 
tunnel  level  to  carry  the  air  to  the  face.  One  or  two  of  these  blowers  are  always  kept  on 
hand  at  the  mine,  with  a  supply  of  tubing,  so  that  they  are  ready  for  installation  at  short 
notice . 

During  the  last  year  a  block  of  ore  has  been  developed  which  lies  below  the  level  of 
the  bottom  of  the  canyon.  It  was  obvious  that  considerable  v/ater  would  be  encountered,  and 
the  following  method  has  been  worked  out  and  put  into  operation.  A  winze  was  sunk  in  a 
particularly  solid  rhyolite  formation  in  the  footwall  of  the  vein.  The  rhyolite  not  only 
provided  strong  walls  in  the  winze  itself  but  also  tended  to  hold  back  the  water  during  the 
sinking  operations,  so  that  the  work  was  completed  with  the  use  of  a  single  electric  sinking 
pump  in  conjunction  with  an  air  sinker  of  fairly  small  capacity. 

From  the  bottom  of  the  winze  a  crosscut  was  run  for  70  feet  in  a  direction  opposite  to 
that  which  would  be  taken  by  the  working  cros.scut  connecting  with  the  vein  (fig.  4).  From 
this  point  a  vertical  raise  was  put  up  to  the  level  of  the  collar  of  the  winze,  where  it 
connected  with  a  crosscut  which  had  already  been  driven  on  this  upper  level.  A  deep-well 
pump  of  a  1,000-gallon  per  minute  capacity  was  installed  in  the  vertical  raise  and  was  thus 
independent  of  the  main  hoisting  winze.  The  crosscut  to  the  ore  was  started  at  an  elevation 
above  the  back  of  the  previously  mentioned  water  crosscut  so  that  there  was  at  all  times  a 
reserve  water  capacity  equal  to  the  water  crosscut.  This  would  probably  permit  a  shutdown 
of  two  or  three  hours,  which  should  allow  time  for  minor  repairs  to  the  pumping  equipment  or 
the  adjustment  of  a  power  failure  if  not  too  serious.  An  additional  advantage  is  the  fact 
that  by  the  use  of  baffles  the  water  in  passing  through  the  70  feet  of  the  crosscut  can  be 
cleared  of  sharp  particles  of  grit  which  would  otherwise  greevtly  increase  the  wear  on  the 
pump  runners. 

The  installation  of  this  pump  has  been  complete  for  only  a  few  months  so  that  no  data 
are  as  yet  available  regarding  its  running  or  upkeep  costs. 

The  mine  receives  its  electric  power  over  a  high-tension  power  line  from  a  hydroelectric 
plant  in  Idaho  approximately  80  miles  distant.  As  this  line  passes  through  an  uninhabited 
section  of  sagebrush  country  there  is  always  the  possibility  of  shutdowns  extending  to  50  or 
60  hours.  This  was  the  deciding  factor  in  the  choice  of  the  type  of  pump  to  be  used.  The 
deep-well  pump  gives  every  indication  of  being  entirely  satisfactory,  since  in  case  of  a 
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shutdown  there  is  no  delay  in  starting  up  when  the  power  is  restored  and  no  harm  is  done 
to  the  pump  itself. 

These  pumps  operate  quietly  and  with  practically  no  vibration;  with  proper  care  they 
should  give  as  good  service  as  other  types  of  centrifugal  pumps. 

The  pump  installation  is  so  designed  as  to  permit  the  addition  of  a  second  pump  of 
equal  capacity  in  the  raise,  if  necessary. 

No  organized  fire-fighting  or  rescue  crews  are  maintained,  as  the  risk  of  fire  in  the 
mine  is  small,  owing  to  the  natural  dampness  of  the  workings.  The  mine  is  kept  clean  and 
no  inflammable  material  is  allowed  to  collect. 

A  fair  proportion  of  the  men  employed  have  received  the  course  of  first-aid  treatment 
given  by  the  United  States  Bureau  of  Mines,  and  the  proximity  of  the  mine  to  the  company 
hospital  permits  prompt  medical  assistance  in  cases  of  injury. 

TRUCKING  SUPPLIES  FROM  ROGERSON  TO  JARBIDGE 

All  supplies  are  brought  into  Jarbidge  by  motor  truck  from  Rogerson,  Idaho.  This  70- 
mile  haul  is  over  a  dirt  roadway,  partly  through  uninhabited  sagebrush  country  and  partly 
following  the  winding  canyon  of  the  Jarbidge  River.  The  road  is  occasionally  closed  for  a 
few  days  during  winter  months,  but  no  other  serious  difficulty  has  been  encountered  in  the 
past  three  years.  Because  of  the  many  sharp  curves  and  some  steep  grades,  trucks  of  rather 
small  capacity  are  used. 

This  freighting  is  contracted  for  at  a  price  now  slightly  less  than  1  cent  per  pound. 
Five  years  ago  the  price  was  fixed  at  2  cents,  but  by  a  gradual  improvement  of  the  road  and 
the  elimination  of  the  worst  grades  at  the  expense  of  the  mining  company,  the  present  rate 
has  been  made  possible. 


COSTS 

Tables  1,  2  and  3  of  costs  and  unit  production  cover  in  general  the  year  1930,  with  a 
few  exceptions  where  figures  are  taken  for  longer  periods.  The  tonnage  shown  is  that  trammed 
but  the  amount  broken  in  the  mine  was  within  a  few  tons  of  the  same  amount. 


Table  1.-  Operating  costs,  excluding  development 
Mining  method.  Shrinkage.  Tonnage  trammed,  57,539. 


Labor 

Super¬ 

vision 

Compressed-air, 

drills,  steel 

Power 

Explo¬ 

sives 

Timber 

Other 

supplies 

Total 

Mining  . 

$0,382 

- 

$0 . 048 

^$0,114 

$0,107 

$0,208 

$0 . 859 

Timbering  . 

.557 

- 

- 

$0,164 

.050 

.751 

Haulage  . 

.295 

- 

- 

.010 

- 

.027 

.332 

Hoisting  . 

.073 

- 

- 

.008 

- 

- 

.003 

.084 

General  underground  .. 

.148 

$0,152 

.007 

“ 

.045 

.367 

Surface  . 

.175 

- 

- 

- 

" 

.057 

.217 

Total  . 

1.610 

0.152 

0.048 

0.139 

0.107 

0.164 

0.390 

2.610 

1  Compressed  air. 
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Table  2.-  Details  of  mining  costs  on  per-ton  basis 
Mining  method.  Shrinkage.  Tons  of  ore  mined,  57,539. 


_ Cost  per  ton _ 

Breaking  (drilling  and  blasting)  . 

$0 . 872 

Labor  . 

$0,382 

Supplies  (not  including  explosives)  .... 

.208 

Explosives  . . 

.107 

Warehouse  handling  charge  . 

.006 

Compressed  air  . 

.114 

Surface  transportation  . 

.007 

Steel  and  tool  sharpening  . 

.047 

Machine  repairs  . . . 

.001 

Timbering  . 

.796 

Labor  . . 

.537 

Supplies  . . 

.050 

Timber  and  lumber  . 

.164 

Warehouse  handling  charge  . 

.004 

Surface  transportation  . 

.012 

Tool  sharpening  . . 

.029 

Tramming  . 

.356 

Labor  . . 

.295 

Supplies  . 

.027 

Surface  transportation  . 

.007 

Blacksmith-shop  charges  . 

.017 

Power  . 

.010 

Hoisting  . 

.088 

Labor  . 

.073 

Suoplies  . 

.003 

Power  . . 

.008 

Repair  charges  . . 

.004 

Sampling  . 

.087 

Labor  . 

.024 

Assaying  .  . 

.060 

Surface  transportation  . 

.003 

Ore  sorting  . . 

.014 

Miscellaneous  labor  charges  . 

.009 

Miscellaneous  supplies  . 

.005 

Superintendency  . 

.152 

General  . 

.101 

Engineebing  .  . 

.069 

Power  (miscellaneous)  . 

.007 

Hosoital  expense  . . 

.034 

Housing  and  feeding  expense  . 

.020 

Total  charges  to  mining  . 

2.610 
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Table  3.-  Operation  costs  in  units  of  labor,  power,  and  supplies^ 


Labor  (man-hours  per  ton) : 

Breaking  (drilling  and  blasting) 

Timbering  . 

Haulage  and  hoisting  . 

Supervision  . 

Miscellaneous  . 

Sampling  . . 

Total  direct  underground  labor 


0.555 
0.555 
.818 
.577 
.122 
.013 
■  035 

2.120 


General  labor  chargeable  to  underground  operation: 

Ore  sorting  . 

Engineering  . 

General  . 

Average  tons  per  man-shift  . 


0.023 

.053 

.041 

3.576 


Labor,  percentage  of  total  cost 


61.82 


Power  and  supplies : 

Explosives  (pounds  per  ton)  40  per  cent 

gelatin  . 

Timber  (linear  feet  per  ton)  . 

Lumber  (board  feet  per  ton)  . 

Total  power  (in  kw.  h.  per  ton)  . 

Air  compression  . 

Hoisting  . . . , . 

Pumping  . 

Lighting  . 


1.239 

.852 

1.355 

10.919 

8.477 

1.845 

.507 

.090 


Supplies  and  power,  percentage  of  total  cost  .  [38.18 


1  Exclusive  of  development. 


Tables  4  and  5  of  development  costs  show  the  costs  per  ton  and  per  foot  of  the  three 
principal  types  of  development  openings.  The  costs  per  ton  are  based  on  the  tons  of  rock  or 
ore  actually  broken  and  removed  in  the  course  of  the  development  work  and  bear  no  relation 
to  the  total  tonnage  of  ore  removed  to  the  mill.  Naturally  in  the  opening  up  of  ore  bodies 
The  ore  removed  returns  a  profit  which  is  credited  to  the  development  work;  however,  this 
is  not  taken  into  account  here. 

Drifting  and  crosscutting  are  combined  as  below  since  the  two  are  similar  in  sizes  and 
costs,  and  no  variation  is  shown  between  development  work  in  ore  and  in  the  country  rock 
since  practically  no  difference  exists  in  the  costs. 


crosscutting 

Raising 

Sinking 

Size  of  excavations,  feet  .. 

6  by  8 

6  by  20 

7  by  11 

Timbered,  or  not  . 

Physical  properties  of  rock: 

About  10 

per  cent 

Yes 

Yes 

(a)  Hard,  or  soft  . 

Fairly  hard 

Fairly  hard 

Fairly  hard 

(b)  Firm,  or  loose  . 

Firm 

Firm 

Firm 
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Table  4.-  Development  costs 


Drifting  and 

crosscuttinc 

Raising 

Sinking^ 

Total 

development 

Footage  advance  . 

5,266 

616 

646 

6,528 

Costs  per  foot: 

Labor  . 

$  6.284 

$  5.172 

$15,146 

$  7.056 

Supervision  . 

.293 

.293 

.293 

.293 

Compressed  air  . 

.580 

.484 

.936 

.605 

Steel  sharpening  . 

.577 

.667 

.315 

.531 

Power  . 

.171 

.090 

.434 

.217 

Explosives  . 

2.094 

1.071 

2.106 

1.999 

Timber  . 

.018 

1.055 

2.762 

.388 

Other  supplies  . 

.286 

.450 

.799 

.353 

Total  underground  . 

10.303 

9.273 

22.791 

11.443 

Outside  expense  . 

.351 

.351 

.351 

.351 

Assaying  . 

.112 

.112 

.112 

.112 

General  expense 

.565 

.565 

.565 

.565 

Total  cost  per  foot 

$11,331 

$10,301 

$23,819 

$12,471 

Tons  removed  in  development  . 

18,431 

4,620 

2,665 

25,716 

Cost  per  ton  . 

$  3.238 

$  1.375 

$  5.773 

$  3.166 

1  The  figures  given  cover  the  sinking  of  development  winzes  and  not  permanent 


shafts,  which  naturally  would  show  a  much  higher  cost. 


Table  5.-  Development  costs  in  units  of  labor,  power,  and  supplies 


1 

Drifting  and 

Total 

crosscutting 

Raising 

Sinking  ^ 

development 

Labor  (man-hours  per  foot) : 

Breaking  (drilling  and 

blasting)  . 

2.741 

2.182 

5.350 

2.946 

Timbering  . 

.327 

3.325 

3.443 

.918 

Shoveling  . 

5.627 

- 

5.696 

5.103 

Haulage  and  hoisting 

.178 

2.312 

7.443 

1.098 

Supervision  . 

.319 

.415 

.310 

.327 

Total  labor  . 

9.192 

8.234 

22.242 

10.392 

Feet  per  8-hour  shift  . 

.870 

.972 

.360 

.770 

Labor,  percentage  of  total  cost  .. 

69.08 

63.34 

69.71 

68.77 

Power  and  supplies  (per  foot): 

Explosives  (  pounds)  . 

8.963 

6.274 

9.177 

8.731 

Timber  (linear  feet) 

.440 

6.002 

3.065 

1.224 

Lumber  (board  feet)  . 

- 

10.063 

19.576 

2.931 

Supplies  and  power,  percentage  of 

total  cost  . 

30.92 

36.66 

30.29 

31.23 

1  The  figures  given  cover  the  sinking  of  development  winzes  and  not  permanent 


shafts,  which  naturally  would  show  a  much  higher  cost. 
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Figura  2.-  Projaction  of  direction  of  ore  floa  to  mill 
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MILLING  METHODS  AND  COSTS  OF  THE  MINAS  DE  MATAHAMBRE,  S.  A.,  CONCENTRATOR^ 

By  A.  R.  Kirchner, ^  J.  V.  Galloway,^  W.  P.  Schoder. ^ 

INTRODUCTION 

This  paper  describing  the  practice  at  the  concentrator  of  the  Minas  de  Matahambre, 
S.  A.,  is  one  of  a  series  being  prepared  by  the  Bureau  of  Mines  on  milling  methods  and  costs. 

The  Minas  de  Matahambre,  S.  A.,  conoentrator  treats  the  production  of  the  Matahambre 
mine  and  has  a  capacity  of  1,300  tons  of  copper  ore  per  day  by  selective  flotation.  During 
the  year  1930  the  heads  averaged  4.55  per  cent  copper,  the  concentrates  29.20  per  cent  copper 
and  the  recovery  was  95.96  per  cent. 


LOCATION 

The  concentrator  is  situated  about  6  miles  inland  from  the  port  of  Santa  Lucia,  on  the 
north  coast  of  the  Province  of  Pinar  del  Rio,  Cuba  (fig.  1). 

GENERAL  DESCRIPTION 

The  original  designs  were  for  a  combinea  gravity  and  flotation  plant,  but  as  flotation 
methods  and  equipment  have  been  gradually  improved,  gravity  concentration  has  been  entirely 
eliminated  since  1928.  Figure  2  shows  a  cross  section  of  the  concentrator. 

The  principal  changes  effected  in  the  concentrator  have  kept  step  with  improvements  in 
flotation  and  milling  practice,  and  cover  the  period  from  1922  to  the  present  time.  As  new 
developments  have  been  made,  they  have  been  adopted  at  Matahambre  whenever  possible.  In¬ 
crease  in  tonnage  milled  and  improvements  in  milling  methods  and  equipment  have  effected  a 
reduction  in  cost  per  ton  milled  from  $1,508  in  1922  to  $0,617  in  1930.  Figure  3  is  the 
present  flow  sheet  of  the  concentrator. 

Due  to  the  various  changes  which  have  been  made  in  operations,  a  comparison  will  be 
shown,  in  parts  of  this  circular,  between  the  operations  of  the  year  1930  and  work  done  pre¬ 
vious  to  that  time. 

The  water  supply  is  derived  from  a  small  stream  passing  by  the  foot  of  the  concentrator. 
This  stream  is  fed  by  a  few  small  springs,  which  very  nearly  run  dry  in  the  dry  season,  and 
by  water  pumped  from  the  mine.  These  conditions  necessitate  a  recovery  of  about  75  per  cent 
of  the  water  consumed.  A  description  of  the  distribution  and  handling  of  the  water  supply 
will  be  found  further  in  the  circular. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6544." 

2  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  superintendent  of  concentration,  Hinas  de  Matahambre. 

3  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  ass't.  superintendent  of  concentration,  Hinas  de 

Matahambre . 

4  -  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  chief  chemist,  Minas  de  Matahambre. 
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Power  is  obtained  from  the  oompany's  power  plant  stationed  at  Santa  Lucia.  This  is  a 
steam-turbine  generator  plant  furnishing  two  11,000-volt  transmission  lines  running  from 
Santa  Lucia  to  the  substation  at  Matahambre. 

ORE  TREATED 

The  ore  consists  of  primary  chalcopyrite ,  associated  with  pyrite  and  gangue  minerals 
of  shale  and  quartzite.  The  chalcopyrite  occurs  as  small  veinlets  and  stringers  more  or 
less  evenly  distributed  in  the  shale  and  quartzite  or  graywacke,  as  it  is  locally  known,  or 
as  masses  of  solid  mineral.  The  pyrite  is  in  small  stringers  independent  of  the  chalcopyrite 
or  disseminated  through  it. 

The  quartzite,  while  apparently  offering  more  resistance  to  crushing  than  does  the 
shale,  frees  the  mineral  when  crushed,  while  the  shale,  especially  when  wet,  tends  to  be 
compressed  rather  than  broken  and  does  not  free  the  mineral  as  easily.  Hov/ever,  the  crushing 
of  -Matahambre  ore  presents  no  especial  difficulty. 

The  concentrator  head  averages  13  per  cent  of  chalcopyrite,  7  per  cent  of  pyrite,  and 
1.5  per  cent  of  moisture. 

The  ore  is  not  allowed  to  remain  broken  long  enough  before  milling  to  notice  any  chem¬ 
ical  changes  detrimental  to  its  floatability . 

BRIEF  HISTORY  OF  OPERATIONS 

The  mill  was  originally  constructed  to  operate  with  capacity  of  about  600  tons  daily  by 
combined  gravity  and  flotation  methods. 

The  combination  of  gravity  and  flotation  concentration  at  this  time  did  not  permit  a 
selective  treatment  of  all  the  mineral  content  of  the  ore,  and  concentrates  produced  averaged 
below  25  per  cent. 

Four  Butchart  primary  tables  and  two  secondary  tables  were  operated,  recovering  an 
average  of  37.5  per  cent  of  the  total  concentrates,  assaying  22.0  per  cent  of  copper. 

The  flotation  of  this  period  was  accomplished  by  a  series  of  pneumatic  flotation  cells 
which  proved  with  gradual  increase  in  tonnage  to  be  inadequate.  These  cells  were  later  re¬ 
placed  by  new-type  pneumatic  cells,  and  the  table  concentration  was  entirely  eliminated. 
The  use  of  sodium  cyanide  as  a  flotation  reagent  was  started  in  January,  1929,  with  a  marked 
improvement  in  the  concentrates  grade. 

The  change  in  operations  caused  a  marked  improvement  in  both  tonnage  and  metallurgical 
results  until  the  latter  part  of  1929  when  a  change  of  character  of  the  mineral  content  in 
the  heads  necessitated  a  finer  grind  and  a  more  selective  float  of  the  pyrite  and  chalco¬ 
pyrite  . 

To  obtain  a  satisfactory  grind  it  was  necessary  to  install  one  additional  fine-grind 
mill  and  classifier.  This  additional  equipment  and  a  prudent  use  of  flotation  reagents  have 
made  possible  the  production  of  a  high-grade  concentrate  with  a  recovery  of  approximately 
96  per  cent  of  the  copper  content. 

The  crushing  plant  was  previously  operated  with  two  No.  6  Kennedy  gyratory  crushers  and 
a  No.  3  Telsmith  reduction  crusher,  making  1-inch  finished  product  and  crushing  about  600 
tons  daily.  Then  crushing  rolls  and  screens  were  added,  reducing  the  finished  product  to 
5/8  inch  and  increasing  the  capacity  to  900  to  1,000  tons  per  day.  Later  the  Telsmith  was 
replaced  by  a  4-foot  Symons  cone  crusher,  which  resulted  in  reducing  the  finished  product  to 
3/8  inch  and  increasing  the  capacity  to  1,300  tons  per  day. 
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Figure  l.-Plan  showing  location  of  concentrator 
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Figure  2.— Section  of  concentrator 


Figure  3.— Flow  sheet  of  concentrator 
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The  following  table  will  give  an  idea  of  the  various  costs  and  capacity  during  the  years 
from  1922  to  1930,  inclusive: 

Costs  and  capacity  of  plant.  1922-1930 


Conner  content,  ner  cent 

Year 

Heads 

Concen¬ 

trates 

Tails 

Short  tons 

milled 

Extraction, 

ner  cent 

Cost  per 

ton 

Jan.  1,  1922- 

June  30,  1922 

5.01 

25.36 

0 . 5.37 

90,415 

91.3 

1.508 

July  1,  1922- 
June  30,  1923 

4.61 

24.83 

0.274 

195,192 

95.1 

1.344 

July  1,  1923- 
June  30,  1924 

4.76 

24.62 

0.265 

211,592 

95.4 

.967 

July  1,  1924- 
June  30,  1925 

4.56 

24.58 

0.274 

224,172 

95.1 

.915 

July  1,  1925- 
June  30,  1926 

4.28 

24.80 

0.152 

243,757 

96.8 

,955 

July  1,  1926- 
Dec.  31,  1926 

4.09 

23.42 

0.178 

126,953 

96.4 

.748 

Jan.  1,  1927- 

Dec.  31,  1927 

4.60 

23.73 

0.271 

303,098 

95.2 

.653 

Jan.  1,  1928- 
Dec.  31,  1928 

4.52 

24.69 

0.220 

354,536 

96.0 

.571 

Jan.  1,  1929- 

Dec.  31,  1929 

4.45 

27.73 

0.239 

356,212 

95.4 

.624 

Jan.  1.  1930- 

Dec.  31,  1930 

4.55 

29.20 

0.216 

359,468 

i  96.0 

.617 

The  reasons  for  increase  in  milling  costs  in  1929  and  1930  are  as  follows: 

Concentration  was  effected  by  combined  gravity  and  flotation  during  1928,  and  tables 
recovered  37  per  cent  of  the  total  concentrates  produced,  with  the  result  that  reagent  con¬ 
sumption  and  costs  were  lower  than  during  the  following  years: 

Reagent  costs 

Reagent  costs  per  ton  milled  have  been  as  follows:  1928,  $.0350;  1929,  .0691;  and 
1930,  .0916. 

The  increased  cost  of  reagents  per  ton  milled  in  1929-1930,  however,  was  more  than  com¬ 
pensated  for  by  the  reduction  in  freight  and  smelting  costs  on  the  smaller  tonnage  of  higher- 
grade  concentrates  produced. 

Increased  tonnage  during  1929  and  1930  from  the  section  of  the  mine  known  as  the 
Ruisenor,  during  the  latter  two  years,  raised  the  pyrite  content  of  the  mill  heads  very 
appreciably  and  necessitated  a  much  more  selective  float  than  formerly. 
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CRUSHING 


c 

PRIMARY  GRINDING 


No.  I  mine  shaft 

Mine  skip  bin 
Capacity,  70  tons,  I2~inch 
product 

2  Stephens-Adatnson  24-inch 
apron  feeder.  Speed, 9  feet 
per  minute 

2  No.  6  Kennedy  gyratory 
crushers.  Capacity,  100  tons 
per  hour.  4  I /2-inch  product 
Cost,  2.7^  per  ton 
Tkvo  40-hp.  motors 

Hand  sorting  belt,  30-inch, 

5  ply.  Speed,  93  feet  per 
minute.  Cost,  10  t  per  ton 
Sorted  high-grade  bin, 
capacity  50  tons 
24-inch  cutler  hammer  magnet^ 
Traylor  grizzly  screen, 

F.  B.  4.  3/4-inch  opening 

4-foot  Symons  cone  crusher 
Texrope  drive,  l-Inch  product 
Capacity,  60-70  tons  per  hour 
Cost,  2.6  t  per  ton, lOO-hp.motol” 
54*20  inch  Traylor  heavy-duty 
crushing  rolls.  Lenix  drive 
l2(V-lnch  flywheel -type  pulleys 
Speed,  57  r.p.m.  l/4-inch 
setting.  Capacity,  65  tons  per 
hour.  Cost,  3,8^  per  ton 
Two  60-hp.  motors 
2  Mitchell  vibrating  screens 
in  closed  circuit  with  rolls 
3/8  and  |  inch  openings 
Total  screening  cost,0.5^  per  t 
20-inch  conveyor,  4-ply,  Speed, 
300  feet  per  min.  Cost,,!^  p.t. 
Belt  distributor,  20-lnch,4-ply 

2« 200-ton  storage  bin 
3/8-Inch  finished  product 

30-inch, 5-ply  belt  conveyor 
Speed,  105  feet  per  minute 
20-Inch, 4-ply  belt  conveyor 
Speed,  105  feet  per  minute 
Merrick  automatic  scales 

30-ton  tratmay  terminal  bln,  0,4 
Miscel laneous  charges, 

Total  crushing  and  sorting,  13^ 
2,000-foot  Interstate  tram 
9elf-dunplng;  speed,  365  feet  per 
minute.  38  cars;  capacity,  950 
pounds.  Cost,  3.6^  per  ton 


Concentrator  feed 
1,300  tons  per  24  hours 

Concentrator  feed  bin 
Capacity,  1,030  tons-  3/8- 
inch  product.  Four  20-inch 
belt  Ratchet  conveyor  feeders 
Speed,  15  feet  per  minute 
I  belt  line  feeder 
I  Geary  cyanide  feeder 

Four  64  l/2-inch  Marcy  mills 
Speed,  25  r.p.m.  15-I  gear 
reduction.  Ball  load,  9,000  pounds 
325  tons  per  mill  per  24  hours 
Circulating  load,  360  tons 
per  mill  per  24  hours  equals 
1 10  per  cent 
Cost,  12.7  ^  per  ton 
Four  lOO-hp,  motors 


Two  20-inch  Goodrich  bucket 
elevators.  Ninety-eight  IO-inch 
buckets,  25-hp.  motor 


Two  48*156  Inch  trommel  screens 
Slope,  2  1/4  inches  per  foot 
15  r.p.m,  3-mlllimeter  opening 
In  closed  circuit  with  mills 
Efficiency,  67  per  cent 
Elevator  and  trommel  cost,,  l,|^ 
per  ton 


Geary-Jennlngs  sampler 
15-minute  cut  Interval 
Head  sample 
4.55  per  cent  Cu 


Distributor  to  fine  mi  I  Is 


Figure  4.-  Flow  shoot  of  crushing  and  of  primary  grinding 
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FLOTATION 


SECONDARY  GRINDING 
AND  CLASSIFICATION 
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2  Geary  pine-oil  feeders 


Four  e’xG'  Dewco  ball  mills 
in  closed  circuit  with 
Dorr  classifiers 


Mills 

15-1  gear  reduction 
25  r.p.m. 

9,000-pound  bal I  load 
310-315  tons  per  mill  per 
24  hours.  Circulating  load, 
460  tons  equals  150  percent 
Cost,  13.6  i  per  ton 
tOO-hp,  motor 


Classifiers 

Slope,  2.5  inches  per  foot 
Efficiency,  70  per  cent 
6-7  per  cent  plus  48-mesh 
overflow  product 
Cost,  0.5  i  per  ton 
7  l/2-hp.  motors 


One  5**5'  Dewco  ball  mill 
in  closed  circuit  with 
3**I8'4*  Dorr  classifier 
29  r.p.m, 

7,500-pound  ball  load 
50  tons  per  24  hours 
Mi  1 1  motor,  60  hp. 
Classifier  motor,  5  hp. 


Concentrates 
Tai I ings 


3  Geary  xanthate  feeders 

Three  24**4  1/2*  pneumatic 
primary  rougher  cells 
One  6-inch  header  with 
sixty-six  3/4"*53''  pipes  per  cell 
Air,  2  pounds  per  square  inch 


Two  21  l/2'*4  1/2*  pneumatic 

secondary  rougher  cells 

One  6- inch  header  with  sixty-one 

3/4 "*53"  pipes  per  cell 

Air,  2  pounds  per  square  inch 

I  Geary  xanthate  feeder 

Two  21  l/2'*4  1/2*  pneumatic 

tertiary  rougher  cells 

One  6-inch  header  with  sixty-one 

3/4'**53'’  pipes  per  cell 

Air,  2  pounds  per  square  inch 

I  Geary  xanthate  feeder 

I  Geary  cyanide  feeder 

Two  21  1/2 '*4  1/2*  pneumatic 
scavenger  cells 

One  6-inch  header  with  sixty-one 

3/4'’*53"  pipes  per  cell 

Air,  2  pounds  per  square  inch 


Two  18  1/2 '*4  1/2*  pneumatic 
cleaner  cel  Is 

One  6-Inch  header  with  fifty 
3/4"*65"  pipes  per  cell 
Air,  2  pounds  per  square  inch 


Middlings  sump;  capacity,  |00  gal. 

Two  4-inch  Wilfley  centrifugal  pumps 
865  r.p.m. 

15-hp.  and  25-hp.  motors 

Geary  Jennings  sampler 

30-minute  cut  Interval 

Tails  sample,  0,21  per  cent  Cu 

Geary  Jennings  sampler 

15-minute  cut  interval 

Concentrates  sample,  29,2  per  cent  Cu 

Flotation  cost,  '5,4  i  per  ton 


Figure  5.-  Flow  sheet  of  secondary  grinding  and  classification  and  of  flotation 
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I. C. 6544 


roll  shells  are  of  chrome-molybdenum  forged  steel.  The  rolls  are  operated  with  a  choke  feed 
at  a  :^-inch  setting  and  have  a  capacity  of  60  to  70  tons  per  hour  of  material  which  passes 
through  the  screen  opening  of  3/8  by  1  inch.  The  circulating  load  amounts  to  30  tons  perton 
hour. 


ROLL  AND  SCREEN  PRODUCTS 


Size 

Roll 

product, 

per  cent 

Cumulative 

per  cent 

Screen  oversize, 
per  cent 

Screen  under¬ 
size,  per  cent 

+  1  inch 

1  0.0 

0.0 

0.0 

+  3/4  inch 

1.5 

1.5 

2.2 

0.0 

+  1/2  inch 

9.1 

10.6 

15.5 

1.5 

+  3/8  inch 

29.0 

39.6 

44.5 

7.4 

+  1/4  inch 

23.9 

63.5 

22.4 

20.1 

+  6  mesh 

16.3 

79.8 

6.5 

30.2 

+  8  mesh 

3.6 

83.4 

0.5 

7.9 

+  10  mesh 

2.4 

85.8 

0.4 

6.3 

-  10  mesh 

14  2 

8.0 

26.6 

100.0 

- 

100.0 

100.0 

Crushing  plant  cost,  13  cents  per  ton. 

PRIMARY  GRINDING 

Primary  grinding  is  accomplished  by  64-1/2-inch  Marcy  mills  in  closed  circuit  with  two 
trommel  screens  handling  325  tons  per  mill  daily.  The  ball  mill  load  is  9,000  pounds  of 
4-1/2-inch  U.  S.  Steel  Products  Co.  "Lorain"  steel  balls  and  manganese-steel  breast  liners 
with  a  ball  consumption  of  0.692  pound  per  ton  and  liner  consumption  of  0.54  pound  per  ton. 
The  cost  is  12.7  cents  per  ton.  The  mills  are  driven  by  100-hp.  induction  motors  (fig.  4). 

SECONDARY  GRINDING 

One  5  by  5  foot  and  four  6  by  6  foot  Dewco  ball  mills,  each  operating  in  closed  circuit 
with  Dorr  classifiers,  are  used  for  fine  grinding.  The  larger  mills  handle  about  300  tons 
daily  with  a  load  of  9,000  pounds  of  3-inch  balls  and  a  circulating  load  of  150  per  cent. 
They  are  driven  by  100-hp.  induction  motors.  The  small  mill  handles  only  about  50  tons  per 

23  hours.  Secondary  grinding  costs  13.6  cents  per  ton.  The  size  of  feed  is  minus  3  milli¬ 

meters  and  the  discharge  is  35  per  cent  plus  48-mesh  material  (fig.  5). 

SCREENING  AND  CLASSIFICATION 

The  discharge  from  the  coarse  grinding  mills  is  received  by  two  48  by  156  inch  trommel 
screens  having  a  2-1/4-inch  slope  per  foot  with  3-millimeter  openings.  They  are  belt-driven 
with  a  4  to  1  gear  reduction.  The  efficiency  is  67  per  cent  (fig.  5). 

The  classifiers  are  all  in  closed  circuit  with  the  fine  mills  and  attain  an  efficiency 

of  70  per  cent  with  an  overflow  product  of  6  to  7  per  cent  plus  48  mesh.  The  slope  is  2.5 
inches  per  foot,  with  27  strokes  per  minute. 

Screening  and  classifying  cost  amounts  to  1.6  cents  per  ton. 
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SCREEN  ANALYSIS  AND  ASSAYS  OF  SIZES 


Tyler 

1  %  of 

_ _  _ _  A. 

CoDDer 

- - - - 

1  -  Fyrite 

ChalcoDyrite 

Iron 

Sulphur 

Insolubl e 

Flotation 

screen 

j weight. 

Assay. 

Location. 

1  Assay, 

Location, 

Assay, 

Location, 

assay. 

assay. 

assay, 

series 

1  ■ cum . 

cum. 

cum.  Z 

cum. 

..cum. 

cum. 

+28 

1.0 

0.70 

0.1 

0.8 

_ 

0.1 

10.5 

1.1 

79.3 

+35 

7.0 

.76 

1.2 

0.9 

1.1 

10.7 

1.3 

77.9 

+48 

16.3 

.90 

3.3 

1.1 

3.3 

11  .0 

1.5 

76.1 

Heads 

+65 

33.0 

1.73 

12.9 

1.9 

11.8 

12.6 

2.7 

70.2 

+100 

43.7 

2.33 

23.0 

2.6 

21.2 

13.2 

3.9 

66.7 

+200 

54.7 

3.07 

38.0 

3.7 

36.9 

14.4 

5.9 

64.0 

-200 

45.3 

6.05 

62.0 

7.4 

63.1 

18.2 

9.9 

48.7 

-100.0 

4.45 

_  100.0  -■ 

—100.0 

7.3 

_ 

+48 

0.7 

22.2 

0.5 

30.4 

1.6 

33.7 

37.5 

3.6 

+65 

8.4 

24.4 

7.2 

23.8 

15.1 

32.7 

36.4 

3.5 

Concentrates 

100 

16  4 

25.1 

15.5 

21.8 

27.1 

32.3 

36.1 

3.3 

+200 

32.4 

27.0 

31.6 

16.8 

41.5 

31.6 

35.3 

3.0 

-200 

67.6 

28.9 

68.4 

11.4 

58.5 

30.8 

34.3 

3.0 

■  100.0 

27.73 

100.0 

13.2 

100.0 

-31.3- 

■  34.5— 

.  JJ! 

+20 

0.2 

0.42 

0.4 

3.4 

0.1 

12.3 

2.3 

78.2 

+28 

1.3 

0.42 

3.0 

3.4 

1.7 

12.3 

2.3 

78.3 

+35 

7.3 

0.42 

15.5 

3.4 

7.9 

12.3 

2.3 

78.5 

+48 

17.6 

0.35 

31.6 

3.7 

15.8 

12.4 

2.4 

77.0 

Tails 

+65 

32.3 

0.29 

49.4 

4.4 

28.8 

13.2 

2.7 

73.5 

+100 

39.0 

0.27 

56.5 

4.7 

34.8 

13.3 

2.8 

70.2 

+200 

50.7 

0.25 

66.3 

5.0 

49.0 

13.5 

3.0 

65.9 

-200 

49.3 

0,13 

j 

33.7 

5.2 

51.0 

14.1 

3.1 

53.0 

100.0 

!L.232 

-10Q_.D  1 

5.1_ 

100.0- 

1 

-..5.1— 

&2JL- 

1930 

+35 

1.0 

0.14 

0.03 

2.05 

0.3 

0.41 

0.03 

6.9 

1.23 

85.8 

+48 

6.0 

0.25 

0.33 

4.00 

3.5 

0.72 

0.33 

7.8 

2.38 

76.8 

+65 

14.2 

0.58 

1.82 

7.22 

15.0 

1.68 

1.82 

8  4 

4.43 

73.3 

Heads 

+100 

25.3 

1.53 

8.51 

8.37 

31.0 

4.42 

8.51 

9.1 

6.00 

68.3 

+150 

36.3 

2.46 

19.57 

8.27 

43.9 

7.12 

19,57 

10.6 

6.89 

64.4 

+200 

45.5 

3.20 

31.93 

8.15 

54.4 

9.25 

31.93 

11.6 

7.58 

61.9 

-200 

54.5 

5.68 

68.07 

5.70 

45.6 

16.42 

68.07 

16.4 

8.76 

46.2 

ICO.O 

4.55 

100.00. 

-6.82 

.100.0- 

.13.15 

--100.00 

-14..8- 

-8.24- 

.52.JL_ 

+65 

1.0 

25.1 

0.86 

6.90 

0.75 

72.5 

0.86 

25.1 

29.0 

12.6 

+100 

8.0 

27.5 

7.52 

7.75 

6.75 

79.5 

7.52 

28.5 

31.8 

5.3 

Concentrates 

+150 

19.0 

28.0 

18.20 

10.95 

22.60 

80.8 

13.20 

30.1 

34.1 

3.8 

+200 

30.7 

28.3 

29.76 

12.15 

40.50 

81,8 

29.76 

31.0 

35.1 

3.1 

-200 

69.3 

29.6 

70.24 

7.90 

59.50 

85.6 

70.24 

29.7 

34.1 

2.3 

■  100..0- 

29.2-- 

-100.00 

—9.20 

100.00- 

84.4 

...  1.00,00 

- 2-.2 

+35 

1.0 

0.15 

0.7 

2.00 

0.31 

0.43 

0.7 

6.7 

1.22 

72.5 

+48 

6.2 

0.20 

5.9 

2.08 

2.00 

0.58 

5.9 

7.9 

1.31 

71.5 

+65 

18.1 

0.29 

24.9 

3.11 

8.77 

0.84 

24.9 

8.9 

1.95 

69.6 

Tails 

+100 

32.3 

0.29 

44.8 

4.45 

22.33 

0.84 

44.8 

9.8 

2.66 

69.0 

+150 

43.3 

0.27 

55.2 

5.35 

36.10 

0.78 

55.2 

10.4 

3.12 

66.8 

+200 

51  8 

0.25 

61.5 

5.94 

47.90 

0.72 

61.5 

10.7 

3.42 

66.4 

-200 

43.2 

0.18 

33.5 

6.95 

52.10 

0.52 

38.5 

13.6 

3.89 

58.2 

100.0 

0.21 

100.0 

6  43 

100.00 

0.61 

100.0 

12.1 

3.64 

62.5 
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AVERAGE  ACCUMULATIVE  .SCREEN  SIZES 


I£22. 


Tyler 

Crushing | 

Maroy 

Trommel 

Ooen  circuit  Dewco 

1  Closed-circuit  |  Dewco 

1 

Flotation 

screen 

plant  1 

mills 

1  Over-  Under- 

1  1 

classifier  1  mills 

1  classifier  1  mills 

1  Heads  1  Cone' ts. 

Tails 

•  1 

oroduct  IdisoharpF 

I 

Uize  1  size 

Overflow 

Sards 'disrharv- 

Overflow  'sandsldischareel  1 

+  i" 

1.5  1 

1  ! 

i 

i  i 

1  1 

8.9  1 

0.1 

i  °-2| 

1 

1  1 

1  1 

+i" 

29  0  1 

1.0 

1  2.1 

1 

!  ! 

1  1 

+3 

38.3  [ 

4.5 

1  8.2| 

1 

1  1 

1  I 

1  1 

+4 

49.0  1 

10.8 

j  16. o| 

1 

1  1 

1  1 

+6 

59.2  1 

15.6 

1  29. 5]  0.0 

0.0 

Range  |  | 

1  1 

+8 

67.1  1 

22.1 

1  44. 4I  0.6 

1.2|  0.0 

From  To  |  0.0 | 

1  1 

+10 

73.4  1 

31.6 

1  65. l|  7.6 

Range 

10. 3|  1.1 

0.0  -  O.oj  1.9l 

1  1 

+14 

79.2  [ 

38.6 

1  72.2]  18.2|From  To 

24. 4|  6.1 

0.0  -  O.lj  9.2j 

1  °-°l 

0.0 

+20 

81.6  1 

46.3 

1  77. ej  29.6 

0.0  -  0.2 

36. 6|  10.3 

0.1  -  0.8|  15. 4j 

1  O-lj 

0.2 

+28 

85.5  1 

54.0 

j  81. oj  39.0 

0.2  -  1.2 

41. 2j  16.2 

0.5  -  3.ll  21. 6| 

1  ^-^1 

0.0  j 

1.3 

+55 

89.9  1 

59.5 

84. 2]  47.2 

1.0  -  6.0 

53. 3|  21.4 
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HAND  SORTING 

Hand  sorting  of  high-grade  ore  was  formerly  carried  on  intensively  and  was  of  consider¬ 
able  value  during  the  period  when  the  capacity  of  the  concentrator  was  not  adequate  to  handle 
mine  production.  At  present  hand  sorting  of  high-grade  ore  has  been  eliminated,  and  with  the 
exception  of  a  small  percentage  of  waste,  which  is  sorted  out  on  the  belt,  the  mine  ore  is 
now  sent  direct  to  the  crushing  plant  as  it  is  delivered  from  the  skips. 

FLOTATION 

The  flotation  circuit  (fig.  5)  is  composed  of  - 

3  matless  pneumatic  primary  rougher  cells 


2 

do . 

secondary  rougher  cells 

2 

do. 

tertiary  rougher  cells 

2 

do . 

scavenger  cells 

2 

do . 

cleaner  cells 

GRADE  OF  CONCENTRATES  AND  TAILS  ON  FLOTATION  BASIS 


Cell 

Air 

pressure 

Copper  in 
concentrates, 

per  cent 

Copper 

tails, 

per  ce 

#1  rougher 

1.6 

28.4 

0.32 

2  do . 

1.5 

19.7 

4.10 

3  do. 

1.7 

19.7 

4.80 

4  do . 

2.0 

15.2 

1.05 

5  do . 

2.1 

14.3 

1.40 

6  do . 

2.2 

9.0 

0.30 

7  do. 

2.0 

9.2 

0.27 

1  scavenger 

2.0 

5.2 

0.24 

1  cleaner 

2.0 

24.1 

17.85 

2  cleaner 

2.4 

29.2 

21.00 

Total  air  consumption  =  9,766  cubic  feet  per  minute. 

Total  area  of  cells  =  906  square  feet. 

Total  linear  feet  of  cells  =  2265-  feet. 

Total  air  consumption  per  linear  foot  of  cell  =  43.1  cu.  ft. 

The  flotation  cells  are  supplied  by  a  20  by  60  inch  Connersville  Boston-type  blower 
having  a  net  displacement  of  10,000  cubic  feet  of  free  air  per  minute  at  327  r.p.m.  and  a 
maximum  pressure  of  2-1/2  pounds. 


REAGENT  CONSUMPTION 

Potassium  ethyl  xanthate  -  0.409  pound  per  ton. 


Pine  oil 

-  0.272 

do 

Sodium  cyanide 

-  0.031 

do 

Lime  (90-94%  CaO) 

-  0.206 

do 
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Figure  6.— Flow  sheet  of  reagents  and  air 
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Lime  is  fed  by  a  ratchet-type  belt  feeder  to  the  Marcy  mills. 

Xanthate,  pine  oil,  and  cyanide  are  fed  by  Geary  cast-iron  stainless  steel  reagent  feeder 
driven  by  1/6-hp.  motors.  The  pine  oil  goes  to  the  fine  mills  while  the  cyanide  is  fed  to 
the  coarse  mills  and  a  small  amount  to  the  final  rougher  cells.  Xanthate  is  distributed  to 
various  cells.  Sixty  per  cent  of  the  total  xanthate  is  fed  to  the  head  of  the  primary  rough- 
ers.  The  reagent  cost  is  9.5  cents  per  ton;  the  total  flotation  cost  is  15.4  cents  per  ton. 
(Fig.  6  is  a  flow  sheet  of  reagents  and  air.) 

It  is  of  interest  to  note  that  following  the  practice  of  other  copper  producers  in  the 
Southwest,  the  use  of  lime  was  adopted  to  depress  pyrite  in  1925.  Numerous  experiments  were 
conducted,  using  line  in  varying  amounts  from  5  pound  to  as  high  as  8  pounds  per  ton  of  ore 
milled.  Its  use  was  continued  through  1928,  with  the  best  results  seeming  to  be  obtained  by 
using  approximately  1  pound  per  ton  of  ore.  Fair  results  were  obtained,  but  they  were  never 
as  good  as  had  been  hoped  for. 

In  January,  1929,  some  tests  were  conducted,  using  sodium  cyanide  as  a  pyrite  depressant 
with  very  encouraging  results,  and  in  February,  1929,  its  use  was  adopted  in  the  mill  work 
with  a  very  marked  improvement  in  concentrates  grade. 

After  several  months  of  operation,  during  which  sodium  cyanide  was  used  in  varying  a- 
mounts  and  introduced  into  flotation  at  different  points,  the  following  conclusions  were 
arrived  at: 

1. -  That  better  results  were  obtained  when  using  sodium  cyanide  in  an  alkaline  circuit, 
using  just  enough  lime  to  get  an  alkaline  reaction,  or  approximately  0.2  lb.  per  ton. 

2. -  That  sodium  cyanide  had  to  be  used  sparingly.  With  comparatively  small  amounts  a 
very  clean  separation  is  obtained,  but  as  the  amount  is  increased  the  chalcopyrite  losses 
also  increase  in  the  tailings.  The  best  results  were  obtained  when  using  approximately  0.03 
lb.  per  ton,  of  which  amount  about  95  per  cent  is  fed  to  the  primary  mills  and  5  per  cent  to 
the  scavenger  cells. 

3. -  That  the  use  of  sodium  cyanide  is  more  economical  and  less  messy  than  lime,  and  does 
not  tend  to  blind  filter  canvas.  The  combined  lime  and  cyanide  costs  are  lower  than  the 
cost  of  lime  alone  was  formerly. 


CONVEYING 

Ore  is  conveyed  from  the  crushing  plant  to  the  mill  by  a  2,000-foot  Interstate-type  tram 
carrying  32  cars  of  the  self-dumping  type,  with  a  capacity  of  950  pounds  each.  The  cost 
amounted  to  3.6  cents  per  ton. 

From  the  bin  at  the  head  of  the  concentrator,  the  ore  is  fed  to  the  coarse  mills  by 
20-inch  belt  ratchet  conveyors.  The  Marcy  mill  discharge  is  elevated  by  two  20-inch  belt 
bucket  elevators  to  the  trommel  screens.  The  elevators  have  ninety-eight  10-inch  buckets 
staggered,  and  are  driven  by  a  25-hp.  induction  motor,  which  also  furnishes  power  for  the 
trommels,  lime  feeder,  and  distributors. 

The  trommel  undersize  is  distributed  to  the  classifiers  in  closed  circuit  with  the  fine 
mills,  and  the  oversize  returns  through  a  distributor  to  the  coarse  mills.  The  classifier 
overflow  passes  directly  by  launders  to  the  flotation  circuit. 

The  middlings  from  the  flotation  circuit  are  collected  in  a  sump,  from  which  they  are 
pumped  back  to  the  head  by  means  of  two  4-inch  Wilfley  centrifugal  pumps  driven  by  two  25-hp. 
motors , 


DEWATERING  AND  HANDLING  OF  CONCENTRATES 

The  flotation  concentrates  continue  to  two  10-inch  belt  drag  classifiers,  the  oversize 
of  which  is  spread  over  the  tops  of  the  filters,  and  the  undersize  dropped  to  three  Dorr 
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30  by  10  foot  thickener  tanks.  The  spigot  discharge  passes  directly  to  the  filters  (fig.  7).  " 

The  Oliver  12  by  8  foot  continuous  filters  make  one  revolution  per  seven  minutes  and 
dewater  3.3  pounds  of  concentrates  per  24  filter  hours  per  square  inch  of  filter  surface. 

Canvas  filter  cloths  are  used,  having  a  life  of  1,200  filter  hours.  Vacuum  is  supplied  by  a 
14  by  8  foot  dry  duplex  vacuum  pump. 

The  filtered  concentrates  are  conveyed  by  a  20  inch  by  215  foot  conveyor  belt  to  the 
loading  bin  and  thence  by  an  aerial  tram  to  the  port  of  Santa  Lucia  where  it  is  loaded  on 
steamers  and  shipped  to  the  plant  of  the  United  States  Metals  Refining  Co.  at  Carteret, 

N.  J.,  for  smelting  and  refining. 

DEWATERING  AND  DISPOSAL  OF  TAILING 

The  tailing  from  the  flotation  circuit  is  received  by  two  Dorr  30  by  10  foot  thickener 
tanks  (fig.  7). 

The  spigot  discharge  is  pumped  by  a  6-inch  Wiltley  centrifugal  sand  pump  to  a  Dorr  type 
D.  S.  D.  B.  bowl  classifier  located  above  the  mine  workings. 

The  overflow  from  the  bowl  classifier  is  returned  to  the  concentrator  by  a  900-foot 
wocden  launder,  thence  it  is  pumped  by  two  4-inch  Wilfley  centrifugal  pumps  to  the  tailings 
dam.  The  sands,  averaging  from  400  to  500  tons  per  day  are  fed  by  two  3-inch,  gravity, 
rubber-lined  pipe  lines  to  the  mine  stopes  to  be  used  as  fill.  When  the  sands  are  not  needed 
in  the  mine  the  mill  tailings  from  the  mill  thickener  are  pumped  directly  to  the  tailings  dam 

SAMPLING 

Three  Geary-Jennings  automatic  samplers  are  located  as  fellows; 

No.  1.-  Heads  sampler;  placed  at  the  trommel  undersize  discharge;  15-minute  cut  inter¬ 
val  . 

No.  2.-  Concentrates  sampler;  placed  at  discharge  of  No.  2  cleaner  flotation  cell;  15- 
minute  cut  interval. 

No.  3.-  Trial  sampler;  placed  at  discharge  of  No.  2  scavenger  flotation  cell;  30-minute 
cut  interval. 

All  minor  sampling  is  accomplished  by  the  use  of  hand  cutters. 

WATER  SUPPLY 

Figure  8  is  a  flow  sheet  of  the  water  supply. 

When  milling  a  normal  tonnage  of  1,300  tons  per  day,  the  mill  consumes  about  600  gallons 
of  water  per  minute.  The  ratio  of  water  to  solids  in  flotation  feed  is  roughly  2  to  1,  or 
approximately  35  per  cent  solids.  Due  to  dilution  from  various  launder  sprays  and  wash  water 
also  to  the  large  tonnage  of  concentrates  produced,  the  ratio  of  water  to  solids  in  the  tails 
is  3  to  1,  or  25  per  cent  solids. 

Of  the  600  gallons  of  water  consumed  per  minute,  300  gallons  are  recovered  from  the 
tailings  dam,  150  gallons  from  concentrates  and  tailings  thickener  overflows,  and  the  re¬ 
maining  150  gallons  are  made  up  of  new  water  from  the  stream  at  the  foot  of  the  mill. 

The  water  from  the  tailings  dam  is  recovered  by  a  single  stage,  double  suction,  cen¬ 
trifugal  pump.  It  is  collected  in  a  reserve  tank  with  the  thickener  overflow  and  fed  to  four 
6  by  8  inch  vertical  triplex  plunger  pumps  which  send  this  water  to  two  mill  supply  tanks 
above  the  concentrator.  The  new  water  is  pumped  direct  to  the  mill  supply  tanks.  ^ 

There  is  no  treatment  of  the  recovered  tailings  water  for  purification  as  it  is  allowed 
to  settle  and  is  exposed  to  the  sun  and  air  for  some  time  before  being  used  again.  The 
water-supply  cost  is  1.4  cents  per  ton. 
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DEWATERING 


THICKENING 


Concentrates 


T 


Tai I Ings 


Concentrates  distributor 


Two  10- inch  drag 
classifiers 


Three  30**10'  Dorr 
thickener  tanks. 

Speed  of  plows,  I  revolution 
per  6  minutes. 

One  lO-hp,  motor. 

One  5-hp.  motor 


Two  30**10*  Dorr  thickener 
tanks. 

Speed  of  plows,  I  revolution 
per  6  minutes. 

5-hp,  motor 


6-inch  Wilfley  centrifugal 
sand  pump. 

Speed,  1,325  r.p.m. 

50-hp.  motor 


Two  12**8*  Oliver  continuous 
f i I ters. 

I  revolution  per  7  minutes, 
3,3  pounds  concentrates  per 
24  fi iter- hours  per  square 
inch  of  f i iter  surface 
50-hp,  motor. 

Driving  fi iters,  compressor 
and  vacuum  pump. 

14*  *  8*  dry  dupiex  vacuum 
pump  -  150  r.p.m. 

Filtering  cost,  3.3  cents 
per  ton 


6*  *  25*  Dorr  bowl  classifier, 
type  OSDB. 

12-foot  bowl 


lO-inch  launder. 
Length,  900  feet 


20-Inch  4-ply  belt  conveyor. 
Speed,  100  feet  per  minute 


Two  4-inch  Wilfley 
centrifugal  pumps. 
Speed,  1,325  r.p.m. 
Two  30-hp.  motors 


oncentrates  loading  bins. 

apacity,  250  tons. 

oading  cost,  2  cents  per  ton 


Letchen  tram  to 
Santa  Lucia  -  6  mi les. 
Capacity,  30  tons  per  hour. 
Speed,  500  feet  per  minute 


Tai I ings  dam. 

Tailings  dispos^  cost,  1.9  i. 
Various  charges 
Super intendence 
Water  supply  I  13  cents 

Laboratory  ^ per  ton. 

Royal t les 

M  i  see  1 1  aneous _ ^ 

Total  milling  cost,  61.7  cents 


Figure  7.-  Flow  sheet  of  dewatering  and  of  thickening 
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Figure  8.— Flow  sheet  of  water  supply 
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Figure  9.— Flow  sheet  of  power  distribution 
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POWER  CONSUMPTION 


Power  distribution  is  indicated  in  the  flow  sheet  Figure  9. 

PRIMARY  CRUSHING 


1929: 

Tons  crushed 

Total  kilowatt  hours 

Kilowatt  hours  per  ton 

1950: 

Tons  crushed 

Total  kilowatt  hours 

Kilowatt  hours  per  ton 


362.688 

929,578 

2.56 

365,374 

914,088 

2.50 


MILLING  AND  CONCENTRATION 


1929: 

Tons  milled 

Total  kilowatt  hours 

Kilowatt  hours  per  ton 

193^: 

Tons  milled 

Total  kilowatt  hours 

Kilowatt  hours  per  ton 


356,212 

5,577,467 

15.66 

359,468 

5,653,392 

15.73 


SUMMARY  OF  COSTS,  1930 


Crushing  and  sorting  Cost  per  ton,  cents 

2  -  No.  6  Kennedy  crushers .  2.7 

Sorting  belt .  1.0 

1  -  4-foot  Symons  crusher .  2.6 

1  -  54  by  20  Traylor  rolls .  3.8 

Screening .  .5 

Conveying .  1 . 0 

Receiving  bins .  .  4 

Miscellaneous  charges . . 1 . 0^ _ 

Total  crushing  and  sorting .  13.0 

Mill ing  and  Con c e n t ration 

4  -  64-1/2  Marcy  mills .  12.7 

Elevator  and  tromme.ls .  J.l 

4  -  6  by  6  Dewco  mill.s) 

) .  13.6 

1  -  5  by  5  Dewco  mills) 

Classifiers .  .5 

Flotation .  15.4 

Filtering  and  dewatering .  3.3 

Receiving  bins .  .2 

Tailings  disposal .  1.9 

Various  charges . ^13^0 _ 

_ 6LJ7 _ 

Grand  total  -  crushing,  milling,  and  concentration  -  74.7 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


THE  BUREAU  OF  MINES  COAL-SAMPLING  TRUCK ^ 
By  R.  H.  Kudlich^ 


In  order  to  assist  the  various  Federal  and  State  agencies  using  large  quantities  of 
coal  to  select  coal  best  suited  technically  and  economically  to  their  use,  the  United  States 
Bureau  of  Mines  has  placed  at  their  disposal  a  fuel  inspection  service.  As  part  of  this 
service,  inspections  are  made  at  the  mines  which  propose  to  furnish  coal  to  these  agencies 
on  contracts.  Such  inspections  cover  both  the  mine  itself  to  ascertain  its  capacity  to  fur¬ 
nish  the  desired  tonnage  and  quality  of  the  coal,  the  preparation  of  the  coal  in  the  tipple, 
and  the  obtaining  of  samples  for  analysis  to  determine  the  quality  of  coal  as  shipped. 

To  insure  that  the  sample  sent  to  the  laboratory  for  analysis  is  representative  of  the 
average  quality  of  the  coal,  increments  are  taken  at  intervals  until  a  gross  sample  of  about 
1,000  pounds  of  coal  has  been  collected  from  each  of  the  sizes  of  coal  shipped  by  the  mine, 
while  coal  has  been  coming  from  all  parts  of  the  mine.  In  reducing  this  gross  sample  to  the 
small  sample  which  is  sent  to  the  laboratory  for  analysis  it  is  necessary  to  crush  and 
quarter  the  coal  by  a  certain  standardized  method  until  only  5  or  6  pounds  of  coal  small 
enough  to  pass  through  a  3/16-inch  square-mesh  screen  remains.  The  ordinary  method  which 
the  bureau  has  followed  was  to  crush  the  coal  by  hand  with  a  tamper,  such  as  is  used  for 
tamping  concrete,  on  some  hare  smooth  surface  and  to  reduce  the  volume  by  quartering  and 
riffling. 

During  the  past  few  years  the  demands  from  various  Federal  and  State  agenoies  for  this 
service  have  been  increasing  rapidly  in  respect  to  bituminous  coals.  In  addition  to  this, 
which  might  be  called  the  normal  increase,  numerous  requests  have  been  received  for  similar 
service  in  respect  to  anthracite.  It  was  obvious  that  if  this  increased  demand  was  to  be 
met  it  would  be  necessary  either  to  inorease  the  force  allotted  to  this  work  or  to  provide 
the  present  force  with  some  means  by  which  their  work  could  be  made  more  effective.  A  care¬ 
ful  survey  of  the  situation  showed  that  the  greatest  amount  of  time  was  consumed  in  trans¬ 
porting  the  men  and  their  equipment  from  mine  to  mine  in  the  same  district,  and  in  reducing 
the  gross  sample  to  the  small  finely  crushed  sample  which  is  to  be  sent  to  the  laboratory. 
Both  of  these  phases  of  the  work  could  be  greatly  accelerated  by  providing  a  motor  truck  of 
suitable  speed  and  capacity,  carrying  a  power-operated  crusher,  and  the  proper  auxiliary 
equipment  to  store  the  gross  sample  as  collected  and  to  reduce  it  in  volume  efficiently  after 
it  has  been  crushed.  Such  a  truck  has  been  provided  and  placed  in  service.  In  the  eight 
months  it  has  been  in  operation  the  desired  results  have  been  fully  attained.  About 
twice  as  many  samples  as  usual  have  been  taken  during  that  time  by  the  same  2-man  crew 
assigned  to  this  work. 

Many  of  the  mines  in  the  eastern  part  of  the  United  States  are  in  hilly  or  mountainous 
regions  and  can  be  reached  only  over  rough,  practically  unimproved  roads.  Hence  the  speci¬ 
fications  for  the  truck  were  drawn  to  cover  high-quality,  long-life  trucks,  in  order  that 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  Is  usee: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6545." 

2  Assistant  to  chief  engineer,  mechanical  division,  U.  S.  Bureau  of  Mines. 
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time  in  the  field  would  not  be  reduced  by  frequent  trips  to  the  garage  for  repair  and  over¬ 
hauling.  The  estimated  total  weight  of  the  truck  body  and  fixed  equipment  was  4,800  pounds 
and  the  accessory  equipment  550  pounds.  However,  a  "body  and  pay  load"  capacity  of  7,000 
pounds  was  specified,  since, when  in  service  one  or  two  gross  samples  of  about  1,000  pounds 
each  are  loaded  on  the  truck  platform,  and  also  when  the  crusher  is  in  operation  it  may  set 
up  violent  vibrations  if  a  heavy  piece  of  slate  or  rock  should  become  caught  between  hammers. 
When  fully  equipped  the  truck  with  its  2-man  crew  and  their  personal  baggage  weighs  somewhat 
over  10,000  pounds. 

Figure  1  indicates  the  general  arrangement  of  the  truck  and  its  equipment. 

The  truck  body  consisted  of  an  underframe  which  serves  as  a  bed  plate  for  the  crusher 
and  engine  and  as  a  "backbone"  for  the  truck  body  proper.  The  underframe  is  made  of  6-inch 
steel  channels,  I  beams  and  flats  riveted  and  welded  together  to  obtain  maximum  stiffness, 
the  longitudinal  members  spaced  to  correspond  with  the  longitudinal  frame  members  of  the 
chassis  and  the  cross  members  to  accommodate  the  crusher  and  engine.  The  body  proper  con¬ 
sists  of  a  floor  6  feet  6  inches  wide  by  10  feet  long  with  sides  20  inches  high.  The  sides 
and  tail  gate  are  hinged,  so  that  they  may  be  lowered  and  supported  in  a  horizontal  position 
so  as  to  form  a  platform  approximately  10  feet  wide  and  11  feet  9  inches  long.  This  gives 
ample  working  room  and  space  in  which  to  assemble  two  gross  samples  in  the  canvas  bags  in 
which  they  are  collected.  With  the  sides  up,  there  is  approximately  36  cubic  feet  of  space 
available  for  carrying  the  auxiliary  equipment,  supplies,  and  personal  baggage  of  the  crew. 
While  on  the  road,  the  entire  body  and  equipment  are  covered  with  a  fitted  tent-shaped 
tarpaulin  stretched  over  a  ridge  pole  carried  on  two  removable  pipe  stanchions. 

A  swing-hammer  crusher  fitted  with  3/16-inch  gratings  was  selected  as  having  the  proper 
capacity  and  crushing  the  coal  to  the  fineness  called  for  by  the  standard  method  for  coal 
sampling.  A  welded  sheet-steel  hopper  of  proper  size  to  receive  the  coal  poured  from  the 
canvas  bags  has  been  added  to  the  top  of  the  crusher  and  a  discharge  hopper  which  fits  into 
the  riffle  to  the  bottom.  In  order  to  conserve  "head  room"  below  the  riffle,  the  discharge 
hopper  was  fitted  up  into  the  housing  of  the  crusher  as  show  in  Figure  2. 

The  crusher  has  a  rated  capacity  of  1,000  pounds  per  hour  at  a  speed  of  1100  r.p.m.  It 
actually  crushes  a  1,000-pound  sample  of  moderately  hard  bituminous  run-of-mine  coal  in  from 
7  to  15  minutes  and  a  1,000-pound  sample  of  f-inch  slack  in  from  5  to  9  minutes. 

The  crusher  is  driven  by  a  20  hp.  gasoline-engine  power  unit  to  which  it  is  connected 
through  a  flexible  coupling.  The  power  unit  is  self-contained,  consisting  of  a  4-cylinder 
4-cycle  gasoline  engine  with  a  forced-circulation  water-cooling  system,  magneto  ignition, 
self-starter,  and  with  a  clutch  on  the  power  take-off  shaft.  A  mechanical  governor  holds 
the  speed  at  about  1,200  r.p.m.  Since  a  lot  of  dust  is  present  in  the  air  where  the  engine 
is  to  operate,  the  air  inlet  to  the  carburetor  has  been  fitted  with  an  oil-type  air  filter. 
The  entire  unit  is  enclosed  in  a  weatherproof  sheet-metal  housing.  The  exhaust  outlet  in 
the  top  of  the  housing  has  been  provided  with  an  exhaust  pipe  of  thin-walled  steel  tubing 
sufficiently  long  to  discharge  the  products  of  combustion  considerably  above  the  breathing 
level  of  the  man  feeding  the  crusher.  This  pipe  is  made  easily  detachable  to  allow  demount¬ 
ing  when  the  truck  is  in  transit. 

A  single-cylinder  2-inch  diameter  by  l^-inch  stroke  air  compressor,  belt  driven  through 
tight  and  loose  pulleys  from  the  power  unit,  supplies  compressed  air  at  a  100-pound  pressure 
for  cleaning  out  the  crusher  after  a  sample  has  been  ground  in  order  to  prevent  contamination 
of  the  next  sample.  Air  is  stored  in  a  steel  tank  18  inches  in  diameter  and  22  inches  long 
to  clean  the  inside  of  the  crusher  and  to  dust  off  the  outside  of  the  crusher  and  power  unit 
v/hen  the  outfit  is  being  cleaned  ready  to  pack  up. ^  An  unloading  device  prevents  the  build¬ 
ing  up  of  excessive  pressure. 


3  Several  months'  experience  has  shovn  that  this  tank  should  have  been  someifhat  larger. 
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Figure  1.— General  arrangement  of  truck 
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In  order  to  reduce  the  manual  labor  required  to  reduce  the  crushed  1,000-pound  gross 
sample  to  the  5-pound  laboratory  sample,  the  coal  discharging  from  the  crusher  passes  through 
a  riffle  attached  to  the  discharge  hopper  of  the  crusher.  This  riffle  constructed  of  brass 
plates  and  channels  as  shown  in  Figure  3  is  designed  to  split  the  stream  of  coal  into  12 
equal  streams;  alternate  streams  pass  to  the  right  and  left  side  of  the  riffle,  the  material 
which  passes  to  the  right  being  retained  for  further  reduction  and  that  to  the  left  being 
discharged.  The  riffle  when  in  service  is  supported  on  arms  which  hook  on  to  the  lower 
flange  of  the  chassis  frame.  Since  the  accuracy  of  the  splitting  depends  on  having  the 
riffle  clean  and  the  individual  plates  evenly  spaced,  the  riffle  is  detached  and  carried  in 
a  suitable  box  when  in  transit  to  prevent  its  being  mutilated  or  getting  the  slots  plugged 
with  road  dirt.  When  the  riffle  is  removed,  the  bottom  opening  of  the  crusher  is  protected 
against  road  dirt  and  moisture  by  a  plate  pivoted  on  the  cross  member  just  in  front  of  the 
crusher  and  clamped  to  the  one  behind  it  by  a  thumb  nut. 

As  auxiliary  equipment  the  truck  carries  a  pair  of  United  States  Bureau  of  Mines  type 
riffle  buckets  for  further  reducing  the  retained  half  of  the  crushed  sample;  55  canvas  bags 
like  those  commonly  used  by  coal  dealers  in  delivering  coal,  into  which  the  gross  samples 
are  collected;  four  heavy  galvanized-iron  wash  tubs  which  are  used  in  collecting,  mixing  and 
further  reducing  the  retained  half  of  the  crushed  sample;  canvas  covers  for  these  tubs;  and 
tarpaulins  for  covering  the  gross  sample  to  prevent  changes  in  moisture  content  and  con¬ 
tamination  of  the  sample;  long-handled,  square-point  shovel,  broom,  hand  hammer  for  breaking 
large  lumps  in  the  gross  sample;  a  supply  of  the  screw-top  galvanized-iron  cans  in  which  the 
sample  is  sent  to  the  laboratory;  and  a  hand  line  for  lowering  the  bags  of  coal  from  the 
tops  of  the  railroad  cars  or  loader's  platform  of  the  tipple. 

The  methods  used  in  collecting  the  gross  "hand  sample"  are  used  in  sampling  with  the 
truck.  A  gross  sample  of  about  1,000  pounds  of  each  size  of  coal  shipped  is  collected  dur¬ 
ing  the  time  it  takes  to  "cover  the  mine"  -  that  is,  for  coal  to  have  been  received  at  the 
tipple  from  each  part  of  the  mine  -  to  insure  that  the  sample  be  representative  of  all  the 
coal  that  may  be  produced  from  the  mine.  It  has  been  found  that  1,000  pounds  of  bituminous 
coal  fills  about  12  of  the  canvas  bags,  and  this  number  is  apportioned  to  the  number  of 
railroad  cars  of  each  size  loaded  while  the  mine  is  "covered."  As  the  samples  are  being 
collected  the  bags  are  grouped  according  to  the  size,  and  each  group  is  kept  covered  with  a 
tarpaulin  to  prevent  contamination  and  change  in  moisture  content. 

When  the  gross  sample  or  samples  have  been  completed,  each  sample  is  passed  through  the 
crusher;  one  half  of  the  sample  is  rejected  and  falls  to  the  ground;  the  other  half  is 
collected  in  three  tubs  which  are  slid  under  the  riffle  spout  in  turn.  Figure  4  illustrates 
the  operations.  The  crushed  coal  in  each  tub  is  then  thoroughly  stirred  and  shovelfulls 
taken  from  each  tub  in  turn  to  fill  one  riffle  bucket,  which  is  then  dumped,  one  half  of  the 
contents  being  retained  in  the  second  riffle  bucket,  the  other  half  being  discarded.  When 
the  second  riffle  bucket  is  filled  it  is  dumped  back  into  the  first,  making  the  third  "split" 
from  the  original  sample.  The  retained  portion  is  then  transferred  to  the  fourth  tub,  and 
this  procedure  repeated  until  the  retained  half  of  the  original  sample  is  disposed  of.  The 
portion  retained  in  the  fourth  tub  is  then  treated  in  the  same  way,  splitting  it  three  times 
until  the  retained  portion  has  been  reduced  to  about  15  pounds.  From  this  the  final  samples 
which  are  to  be  sent  to  the  laboratory  are  taken. 

Though  the  procedure  in  reducing  the  gross  sample  does  not  follow  literally  the  American 
Standard  hand  crushing  and  quartering  method,  it  is  quite  analagous.^  In  the  former  method, 
after  crushing,  the  sample  is  repeatedly  mixed  by  piling  in  conical  piles  which  are  then 


4  See  Pope,  G.  S.,  Directions  for  Sampling  Coal  for  Shipment  or  Delivery,  Tech.  Paper  1J3.  Bureau  of  Mines,  1917, 
15  pp. 


-  3  - 


9950 


flattened  out  and  divided  into  o.uarters,  alternate  quarters  being  retained.  In  the  latter, 
the  coal  is  thoroughly  mixed  in  the  tubs,  shovelfulls  are  taken  from  different  tubs  in 
rotation,  and  alternate  twelfths  are  retained.  This  method  may  be  considered  even  prefer¬ 
able  to  the  hand  crushing  method;  less  opportunity  is  offered  for  tampering  with  the  sample, 
it  is  not  exposed  to  the  elements  to  so  great  an  extent,  and  there  will  be  less  chance  of 
gaining  or  losing  moisture  or  being  contaminated  during  the  process,  as  is  possible  when  the 
sample  is  spread  in  a  thin  layer  over  a  large  surface  which  may  not  be  perfectly  clean  and 
may  be  exposed  to  wind-blown  or  falling  impurities. 
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Department  of  Commerce 

UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 
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SAZETTT  jlC  TIIE  OH)  I)0inir[0!I  CCPPEa 
■  MIES,  GIXXHS,  ARIZ.l 

♦  '  . 

,  By  E.'  I.  C.  Mannings,  and  AlTjert  Tallon- 

.  t  •» 

The"  Old  Dominion  Co.  at  Glo^be,  Ariz.,  like  the  Hielpe  Lodge  Corporation 
with  which  it  is  closely  allied,  coneidere  safety  a  major  operating  pi'ohlein. 
Safety  is  fostered  hy  this  company  in  consideration  of  hoth  the  humanitarian, 
and  economic  aepects;  the  officials  take  pride  in  promoting  tho  welfare  of 
employees,  and  the  management  has  found  that  the  safest  way  is  the  most  eco¬ 
nomical  and  that  -unless  an  organization  is  operated  oconoraically  it  can_not 
continue  to  e::ist  successfully. 

In  planning  and  operating  sny  safety  organization,  raeny  things  mrast  ho 
taken  into  consideration  "because  an  enterprise  can  not  be  operated  solely 
for  safety  any  more  than  it  can  for  any  other  single  part  of  the  operations*' 
All  work  must  he  planned  and  executed  for  the  common  interest. 

In  studying  a  safety  organization  and  the  results  obtained  hy  it,  some 
Iciowledge  of  the  conditions  urevailing  prio?  to  its  existence  is  necessary.  . 
as  well  as  a  complete  understanding  of  the  present  conditions  under  which  it 
has  to  operate.  Therefore,  in  perusing  this  report,  it  will  he  well  for  the 
-reader  to  keep  in  mind  certain  handicaps  existing  at  the  Old  Dominion  mine, 
which  are:  •  '  •  • 

Hi^  rock  temperatures. 

_Ei§ii  humidity/'  '•  ■’  '  ■  .  '  ■ 

Eigh  air  temperatures.  •  .  ■ 

Wide  variance  in  s toping  methods,  hron^t  about  hy  various  grades  and  , 
conditions  of  ore  deposits,  making  standardization, difficult.-  .  ‘ 

The  following  peragraphs  regarding  tem-peraturea  and  humidity  are  taken  , 
from  “Ventilation  of  the  Large  Copper  Mines  of  Arizona,”  United  States  Bureau 
of  Mines  Bulletin  330,  hy  G.  E.  LlcSlroy,  1931. 


i  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
following  footnote  acknowledgment  is  used:.  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6546.” 

3  Associate  mining  engineer,  U.  S.  Bureau  of  Mines  Safety  Station,  Salt 
lake  City,  Utah.  .  ’  ■  ■  . 

3  Safety  engineer.  Old  Dominion  Co.,  Globe,  Ariz. 
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United  States  Whether  Sctreeu  ^©(irtpds  for  OloTje,-  ccnreriiig  26 
ysarf,  shorr  an  average  yearly  roefn  dry-Tjult  teraporetdre  of  63.6°. 

No  relative  htimidity  or  wet-'bul'b  temperature  data  are  available, 

Tmt  low  humidities  -prevail  and  wet-bulb  tem-peraturee  average  about 
15°  lower  than  dry-bulb  temperat-ures.  These  hi^  average  tempera¬ 
tures  and  hi^  rock  temperatures  make  the  ventilation  of  the  mine 
a  difficult  problem. 

The  range  of  tem-oeratures  at  working  places  is  wide  and  depends 
primarily  upon  the  proximity  of  the  working  places  to  downcast 
shafts.  Stope  temperatures  range  from  70  to  90®  dry  bulb,  with  an 
average  of  about  80®  accompanied  by  an  average  wet  bulb  depression 
of  about  5°.  Development  faces  are,  as  a  rale,  somewhat  warmer, 

80  to  95^,  with  only  2  to  3*^  wet  bulb  depression,  but  they  have 
greater  air  motion  than  stopes  and  are  comparable  in  comfort.  Prac¬ 
tically  all  places  off  the  intake  air  courses  are  uncomfortably  warm, 
the  maximum  condition  of  discomfort  noted  being  on  thei  2600  level 
development  drift  off  the  A  shaft  where  -ihe  eir  returning  to  the 
shaft  at  a  velocity  of  250  feet  per  minute  was  saturated  at  102°  P. 

Rock  temperatures  at  the  face  of  this  drift  were  108.5®. 

PROPERTY 

The  Old  Dominion  pro-perty  is  at  Globe,  Gila  County,  Ariz.,  and  consists 
of  a  mine,  concentrator,  and  the  necessary  shops  pertaining  thereto.  This 
copper  mine  is  relatively  deep,  and  operates  on  a  series  of  steeply  dipping 
parallel  fiss-ore  veins  which  cut  sedimentary  limestones  and  quartzites  in¬ 
truded  by  diabase  and  covered  with  dac.lt e.  The  mins  is  divided  into  the 
east  and  west  sides.  On  the  east,  fairly  regular  todies  of  sulphide  ore  pre¬ 
dominate,  whereas  on  the  west  the  qre  occurs  as  irregular  bodies  of  oxidized 
and  secondary  ores  cut  by  n-umero-ios  faults.  The  average  dip  of  the  veins  is 
80°  from  the  horizontal,  and  the  strike  east  and  west.  The  principal  ores 
are  chalcopyrite,  chalcocite,  and  bornite  with  low-grade  sulphides.  Copper 
or©  was  first  mined  in  this  district  in  1881, 

Por  complete  information  on  the  geology  and  history  of  this  mine  see 
"Geology  of  the  Globe  Copper  District,  Arizona,"  United  States  Geological 
S-urvey  Professional  Paper  12,  by  P.  L.  Ransome,  1903.  The  ore  production 
for  December,  1930,  was  40,000  tons  averaging  2  per  cent  copper,  and  was 
mined  by  an  underground  force  of  625  men.  . 

The  mine  is  opened  by  five  vertical  shafts  —  namely.  A,  K,  Grey,  Pump, 
and  C. 


Operations  are  carried  on  throu^  the  A  shaft,  consisting  of  five  com- 
■partments  —  one  for  water  pipe,  two  for  handling  men  and  supplies,  and  two 
for  skips,  A  single-deck  cage  is  permanently  secured  -under  each  skip,  and 
at  the  time  the  shift  is  changed,  double-deck  cages  are  fastened  xxnder  these 
cages;  thus,  there  are  four  triple-deck  cages,  with  a  capacity  of  nine  men  to 
a  deck,  available  for  handling  the  shift  of  men. 
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The  other  shafts  are  for  ventilation  and  emergency  exits.  Ladders  are 
installed  vertically  with  platforms  at  every  20'feet, 

'  -r*  .‘V '  , 

»  V  ,  ..  .. 

Haulage . levels  are  run  at  approximately  200-foot  intervals,  vertically. 
Intermediate  levels  for  mining  are  run  about  midway  between  the  haulage 
Ipvels.  , There  is  .no  uniformity  for  spacing  of  raises,  as  requirements  for 
different  raining  systems,  vary  greatly. 

Five  methods  of  stoping  are 'used  a.t  present:  Rill,  top  slice,  Morenci 
slice  (modified),  square-set,,  and  shrinkage.  The  size  of  the  orebody,  the 
character  of  the  hanging  wall  and  footwall,  the  mineral  content,  and  other 
factors  determine  the  method  of  mining  to  be  used.  About  60  per  cent  of  the 
extraction  is  by  the  modified  Morenci  slice-caving  system. 

The  mine  is  ventilated  on  thfe  pressure  system  by  three  fans  each  of 
125,000  cubic  feet  per  minute  capacity,  each  delivering  about  80,000  cubic 
feet  of  air  per  minute  per  fan,  at’ present,  at  the  top  of  the  C,  K,  and  G-rey 
shafts.  These  fans  are  aided  by  large  natural-draft  pressures  and  booster 
fans  underground.  The  principal  return  air  courses  are  the  A  and  Pump  shafts 
and  one  compartment  of  the  K  shaft.  The  Pump  shaft,  which  is  used  for  ventila¬ 
tion  and  pipe  lines,  is  vertical  and  is  100  feet  west  of  A  shaft. 

The  main  fans  are  forward- curved,  raultiblade’ centrifugals,  Thor?e  at  the 
C  and  Grey  shafts  have  housings  for  reversing  the  direction  of  air  flow. 

The  air  flow  underground  is  'approximately  760  cubic  feet  per  minute  per 

man. 


For  complete  description  of  mining  methods  at  this  mine  see  "Mining 
Methods  at  the  Old  Dominion  Mine,  Globe,  Arizona,"  United  States  Bureau  of 
Mines  Information  Circu].ar  6237,  by  A.  H.  Shoemaker,  1930. 

Comuressed  air  is  blown  for  one  hour  in  all  headings  after  blasting, 
before  anyone  is  allowed  to  enter. 

HISTORY  OF  SAFETY  DEPARTIMT  PRIOR  TO  1925 

Qn  January  1,  1914,  the  mine  safetj^  department  was  inaugurated  by  placing 
a  safety  inspector  in  the  mine  fdr  the  purpose  of  preventing  accidents,  his 
time  being  devoted  to  underground  work  only. 

His  duty  was  to  make  a  regular  inspection  of  and  report  on  the  condition 
of  all  travel  ways,  main  exits,  manways,  shafts,  and  such  other  places  as 
were  used  for  emergency  ways  not  frequently  visited  by  others;  to  inspect  all 
working  places;  to  have  tho  necessary  precautions  talcen  in  all  working  places 
to  avoid  any  accidents,  and  make  a  monthly  report  of  the  conditions  found.  In 
case  of  a  serious  or  fatal  accident,  either  day  or  ni^t  shift,  he  was  notified 
and  visited  the  place  as  soon  as  possible;  made  a  thorough  inspection  of  the 
conditions;  collected  all  available  information  by  getting  the  names  of  all 
the  witnesses  and  a  statement  from  each  one  regarding  all  conditions,  so  as 
to  be  able  to  make  a  full  report  of  the  accident. 
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At  that  time,  as  well  as  at  all  other  times,  it  was  nece8sar7,r  for  the 
officials  to.  take  the  lead  .in  this  movement  if. adequate  results  were  to  he 
secured.  Warning  and  danger  signs  were  posted  throu.^iout  the  mine;  consider¬ 
able  work  was  done  in  guarding  the  tops  of  chutes  and  raanrays  to  prevent  men 
from  falling  into  them,  heretofore-  the  cause  of  many  serious  and  fatal  acci¬ 
dents.  In  most  of  the  square-set  inanways  staggered  ladders  were  installed, 
and  where  the  ladders  were  not  staggered,  trapdoors  were  placed.  Trapdoors 
’"ere  also  installed  in  all  crihhed  manways,  the  distance,  between  them  not  ex¬ 
ceeding  20  feet.  All  working  raises,  shafts,  and  winzes  at  the  height  or 
depth  of  50  ,feet  were  supplied  with  blasting  batteries,  or  switches  connected 
to  the  electric-li^t' wires,  and  delay-action  fuses.  Considerable  improve¬ 
ments  were  also  in  safety  conditions  around  the  underground  machinery. 

To  make  this  movement  more  successful,  it  was  deemed  best  to  interest 
the  shift  bosses  by  explaining  to  them  that  improved  conditions  meant  better 
work  and  by  making  it  clear  to  them  that  they  could  perform  no  better  service 
than  that  of  trying  to  show  an  indifferent  companion  his  duty  in  performing 
his  work  in  a  systematic  and  intelligent  raarnor,  understanding  that  he  had  to 
use  his  brains  as  well  as  his  muscles,  and  recognizing  the  responsibility 
placed  upon  him  which  he  must  assume. 

To  accomplish  some  of  these  objects,  a  system  of  bonuses  for  the  ^ift 
bosses,  based  on  their  safety  record,  was  inaugurated.  Each  shift  boss  work¬ 
ing  500  shifts,  or  more  per  month  without  any  lost-time  accidents  was  given  a 
■ftonus.  of  $10.  If  there. was  any  lost  time  and  it  was  less  than  1  per  cent  of 
the  total  shifts  worked,  a  bonus  of  $5  was  given.  This  proved  successful, 
as.it  encouraged  them  .to  supervise  their  men  more  closely.  Every  shift  boss 
was  entitled  to  this  bonus  each  month,  regardless  of  the  number  of  accidents 
in  the  previous  month.  In  this  way  they  all  started  out  with  a  clean  sheet 
at  the  beginning  of  each  month.  There  was  also  a  .form  compiled  each  month 
with  their  names,  number  of  accidents,  lost  time,  and  other  items.  This  made 
them  more  careful  because  they  did  not  care  to  see  their  names  witli  a 'large 
number  of  accidents  opnosite  them. 

To  get  the  men  interested  in  the  movement  it  was'  decided  that  three  men 
should  spend  two  da’;s  each  in  going  throu,^  the  mine  with  the  inspector. 

After  the  first  three  men  had  gone  throu;^  with. the  inspector  for  two  days, 
they  went  badr  to  their  respective  places,  and  three  more  were  taken.  They 
were  shown  the  different  workings  of  the  mine  and  the  conditions  which  should 
be  maintained.  Conditions  were  shown  that  would  influence  them  to  use  their 
best  judgment  in  keeping  their  own  places  clean  and  safe  and  to  try  to  prevent 
their  fellow  workmen  from  being  careless. 

While  going  throu^  the  mine  they  were  invited  to  offer  suggestions, 
call  attention,  to  anj’-thing  they  deemed  necessary  to  prevent  an  accident,  and 
ask- questions.  They  were  also  encouraged  to  offer  suggestions  to  their 
bosses  whenever  they  deemed  it  advisable  and  to  report  to  them  anything  they 
considered  .dangerous.  The  bosses,  were  also  instructed  to  be  coTorteous  when¬ 
ever  any  suggestions  were  being  offered.  This  proved  successful  in  educating 
both  the  bosses  and  men  in  safety.  Some  of  the  men  upon  going  back  would 
tell  their  bosses  of  the  imuroved  safety  conditions  in  other  runs,  and  as  the 
bosses  were  keen  to  keep  their  runs  at  least  as  good  as  the  others,  they 
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became  active  in  improving 'safety  conditions.  In  most  cases  tlae  men  vrho  had 
gone  through  were  also  careful  to  keep  their  own  working  places  in  good  order 
so  that  the  men  following  them  could  not  find  any  fault  with  their  work  per¬ 
taining  to  safety.  After  several  hundred  had  received  this  safety  training 
the  men  thought  it  best  to  have  all  the  runs  represented  at  the  same  time  in 
the  form  of  a  committee,  and  recotimended  that  this  be  adopted:  the  officials 
adopted  the  recommendation,  which  was  the  beginning  of  the  present  committee 
system. 

In  the  month  of  April,  1916,  all  of  the  surface  plant  was  added  to  the 
safety  department  under  the  same  inspector.  This  work  began  similarly  to  the 
underground  work  by  talking  safety  to  the  bosses  and  men  to  win  their  confi¬ 
dence  and  get  them  interested  in  the  movement.  Many  improvements  were  made 
by  placing  guards  around  machinery,  removing  exposed  set  screws  and  keys,  and 
installing  new  runways  for  oiling  purposes,  putting  handrails  on  old  runways 
without  them,  and  making  other  improvements,  Later,  the  foremen  of  the  vari¬ 
ous  departments  decided  to  select  one  of  their  own  men  each  month  to  make  an 
inspection  of  their  department  and  report  conditions,  and  to  send  a  copy  of 
the  report  to -the  inspector;  this  plan  was  continued  until  the  present  system 
of  conmittees  was  organized. 

The  present  'system  was  organized  and  the  first  meetings  were  held  in 
February,  1925.  The  organization  was  divided  into  two  divisions,  underground 
and  surface,  each  di-'/ision  having.-a  central  committee  and  a  workmen's  conmit- 
tee.  At  a  special  meeting  of  all  the  superintendents  and  foremen  the  surface 
central  committee  of  9  members  was  chosen,  and  also  the  underground  central 
commi-ttee,  consisting  of  the  superintendent  and  all  the  foremen.  The  surface 
workmen's  committee  is  composed  of  a  representative  from  each  department,  and 
the  underground  committee  of  a  representative  from  each  boss  working  10  or 
more  m.en.  The  workmen's  committees  were  appointed  by  the  safety  inspector 
after  a  careful  canvas  of  the  employees  to  ascertain  whom  they  would  prefer 
to  represent  them,  with  the  understanding  that  retiring  committeemen,  after 
serving  a  6-month  terra,  would  elect  their  own  successors. 

Meetings  are  held  each  month  and  the  ••minutes  of  the  workmen's  committee 
are  read  to  the  central  committee  at  their  regular  meeting,  when  the  recom¬ 
mendations  are  considered,  •  The  minutes  of  the  central  committee  are  also 
read  at  the  workmen's  meetings  so  that  they  will  have  an  understanding  of 
the  actions  taken  on  their  recommendations. 

Since  this  system  was  organized  a  few  changes  have  been  made  to  stimu¬ 
late  a  greater  interest  in  the  work.  It  is  the  duty  of  the  underground  work¬ 
men's  committee  to  make  a  weekly  inspection  trip  through  their  resx^ective 
runs,  to  notify  their  shift  bosses  of  the  conditions  found,  and  to  make  a 
written  report  to  the  inspector.  While  making  their  inspection  trips  they 
found  such  a  great  difference  between  the  men  who  had  served  on  the  committee 
and  those  who  had  not  that  they  deemed  it  advisable  to  reduce  the  term  to  3 
instead  of  6  months,  to  get  the  men  throu^  quicker  so  they  will  all  have  an 
understanding  of  what  the  safety  department  is  doing  for  them.  This  change 
has  been  made,  and  it  is  now  in  effect. 


~  5  - 


9982 


I.C.  6546 


To  stiniulate  the  interest  among  the  fol'emen  and  "bosses,  the  surface  cen¬ 
tral  committee  has  included  all  superintendents  and  foremen  as  members,  with 
an  invitation  to  all  shift  bosses  to  attend  all  meetings  when  convenient,  and 
the  underground  central  committee  has  included  all  shift  bosses  as  members. 

The  safety  department  is  now  represented  by  78  members. 

Accidents  require  special  study.  A  repetition  of  similar  accidents  indi¬ 
cates  that  the  underlying  causes  have  not  been  studied  thorou^ly  nor  the 
correct  action  taken.  It  is  the  duty  of  the  workmen’s  committee  to  investigate 
and  report  on  all  time-lost  accidents.  To  assist  in  making  these  reports  and 
to  encourage  a  thorough  inspection,  the  committeemen  are  supplied  with  a  special 
accident  report  blanlc,  which  is  filled  out  by  them  and  delivered  to  the  safety 
inspector. 

At  the  first  meeting  of  each  new  committee  it  is  customary  to  have  some 
of  the  officials  present,  who  exoress  the  feeling  of  gratitude  of  the  company 
for  the  support  of  the  worlonen  toward  this  movement.  This  encourages  the  com¬ 
mitteemen  and  makes  them  feel  that  they  have  the  support  of  the  management 
which  seems  to  give  additional  zest  to  the  work  on  which  they  are  entering. 

A  chairman  and  a  vice-chairman  is  elected  from  the  floor  to  serve  throu^out 
the  term,  with  the  inspector  acting  as  secretary. 

At  first  the  recommendations  started  to  come  rapidly,  and  continued  to 
do  so  for  some  time.  Recently  both  the  underground  and  surface  ccranitteds 
were  asked  why  there  were  so  few  recommendations  coming  in  at  present.  Prac¬ 
tically  the  same  reply  came  from  both  parties  that  their  boss  wouldn’t  give 
them  any  chance.  .  As  soon  as  the  boss  is  told  about  anything,  the  work  is 
done  and  there  is  nothing  to  report.  This  was  gratifying  to  the  safety  de- 
nartment,  and  it  is  hoped  that  it  will  continue.  This  attitude  shows  that 
the  safety  education  is  spreading  and  more  interest  is  being  taken  in  the 
movement.  In  addition  to  the  list  of  recommendations  recorded,  many  sugges¬ 
tions  have  been  made  by  the •  worlonen ’ s  committees  whereby  special  investigating 
committees  have  been  appointed  and  the  work  done  before  the  next  meeting; 
hence  the  matter  never  went  before  the  central  committees;  also,  the  same 
results  have  taken  place  at  the  central  committees'  meetings. 

Several  of  the  recommendations  presented  by  the’ workmen's  committees  were 
considered  too  great  an  undertalcing  for  the  central  committees,  and  a  special 
committee  was  appointed  to  take  the'  matter  up  with  the  general  manager,  and 
the  work  then  completed.  Also,  a  number  of  recommendations  have  been  mentioned 
to  the  bosses  which  they  considered  to  involve  too  great  an  undertaking,  and 
advised  the  committeemen  to  bring  it  up  at  the  safety  committee  meetings. 

Some  of  the  big  jobs  would  probable/  not  have  been  done  until  someone  was  in¬ 
jured,  if  it  were  not  for  the  cooperation  displayed  at  these  meetings.  The 
val-ue  of  these  recommendations  is  apiDarent  when  we  consider  that  from  February, 
1917,  to  September,  1920,  the  workmen’s  committees  presented  288  recommendations, 
of  which  284  were  adopted  and  the  work  completed.  In  addition  to  aiding  safety, 
it  has  been  proved  to  the  central  committees  that  many  of  the  recommendations 
inaterially  increased  working  efficiency.  Except  for  a  few  changes,  this  system 
was  in  force  until  March,  1925, 
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PnSSSlOT  SAi’ETY  CHG4IIIZATI0N 

On  March  14,  1925,  the  safety  department  vas  reori^anized  and  a  BTstera 
installed  similar  to  that  of  the  Phelps  Dodge  Corporation. 

Attitude  Toward  Safety 

The  idea  that  safety  is  an  integral  part  of  the  operating  activities  of 
this  property  is  impressed  on  every  employee  from  the  manager  dof57n.  The 
safest  Tray  is  considered  the  practical  and  most  economical  way  of  doing  any 
joh.  This  attitude  is  taken  in  regard  to  routine  as  well  as  to  new  projects. 

The  management  has  assured  itself  that  every  hoss  is  an  enthusiastic 
■booster  for  safety  first,  for  it  believes  that  discipline  and  instruction 
starting  at  the  top  are  paramount  in  initiating  and  maintaining  a  good  safety 
record.  Workmen  can  best  be  reached  by  their  imraediate  superiors,  and  these 
men  are  the  real  backbone  of  safety. 

That  the  management  is  in  earnest  when  it  states  that  accident  prevention 
must  come  first  "has  been  impressed  on  all  local  operating  officials;  safety 
and  efficiency  go  hand  in  hand  and  are  inseparable. 

Meetings,  literature,  safetj’’  bonuses  (for  bosses),  competition,  and  in¬ 
struction  are  used  by  the  company  as  effective  means  of  impressing  the  ideas 
of  safety  on  the  bosses  and  men.  Suecial  tar:s  at  underground  meetings  are 
given  by  bosses  and  men,  and  each  emnloyee  is  made  to  feel  tliat  he  is  an 
integral  part  of  the  meeting, 

T'hat  everj’bhing  must  be  done  in  a  safe  manner  and  that  safety  must  not 
be  sacrificed  for  speed  is  taught  to  all  the  men. 

Work  of  the  Safety  Engineer 

The  safety  engineer  devotes  his  entire  time  to  safety  work  and  cooperates 
with  all  departments,  both  on  the  surface  and  underground.  He  usually  spends 
the  mornings  underground  and  the  afternoons  on  the  surface  making  plant  in¬ 
spections  or  writing  reports. 

All  safety  work  comes  under  his  direct  supervision,  and  he  reports  only 
to  the  manager.  He  meets  with  all  safety  committees  and  acts  as  secretary. 

The  testing  of  safety  devices  also  comes  under  his  supervision  and  all  men 
entering  the  employ  of  the  company  are  trained  and  examined  in  first  aid  and 
various  phases  of  safe  work,  regardless  of  their  official  capacity. 

Committees 


All  safety  work  is  brought  up  before  a  committee  for  discussion.  Each 
branch  or  division  lias  its  own  committee,  in  addition  to  which  there  are 
several  committees  whose  work  pertains  to  the  company  as  a  whole. 

The  Old  Dominion  Co.  is  a  subsidiary  of  the  Phelps  Dodge  Corporation,  and 
the  corporation  conmittee  of  this  corporation  is  at  the  hoad  of  all  local 
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committees.  This  company  also  competes  fc'  the  Phelps  Dodge  Safety  Trophies 
which  are  awarded  annually  to  the  division  having  the  best  safety  record  in 
frequency  and  severity. 

Corporation  Committee. 

Chairman,  P.  G.  Beckett,  vice-president  and  general  manager  in  charge 
of  operations. 

Members:  Branch  managers. 

This  committee  meets  quarterly  at  tho  various  branches  in  order. 

(Bisbee,  Globe,  and  Morenci,  Ariz.;  Nacozari,  Mexico;  Dawson,  N.  Mex.) 

Branch  Committee  or  General  Safety  Committee : 

Chai rman :  Manager . 

Secretary:  Safety  engineer. 

Members:  Heads  of  departments. 

This  committee  meets  once  a  month  in  the  managor's  office  to  discuss  the 
general  safety  work  and  means  of  obtaining  the  fullest  cooperation  of  the 
various  departments  to  prevent  accidents. 

Bosses  Committee: 

Chai rman :  Elected  annual ly . 

Secretary:  Safety  engineer. 

Members:  All  bosses  in  both  surface  and  unde rgroTxnd  departments. 

Meetings  are  held  monthly  to  discuss  various  phases  of  safety  throughout 
the  plant. 

Department  Committees  (two  underground,  three  on  surface): 

Mine  Committee  -  East  side. 

Chairman:  General  mine  foreman. 

Secretary:  Safety  engineer. 

•  Members:  Division  foreman  and  three  workmen.  The  three  workmen 
serve  three  months,  after  which  new  members  are  chosen. 

Mine  Committee  -  West  side. 

Same  as  east  side. 
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Mine  Surface  Cornmittee. 

Chairman:  Mine  superintendent. 

Secretary:  Safety  engineer. 

Members:  Three  workmen.  Members  serve  three  months. 

Concentrator  Committee: 

Chairman:  Concentrator  superintendent. 

Secretary:  Safety  engineer. 

Members:  Tliree  workmen.  Members  serve  three  months. 

Miscellaneous  Surface  Committee: 

Cliairman:  Mechanical  superintendent. 

Secretary:  Safety  engineer. 

Members:  Three  worlcmen.  Members  serve  three  months. 

The  secretary  of  all  committees  is  the  safety  inspector,  who  serves 
permanently, 

Workmen  members  of  committees  are  appointed  by  the  chairman  in  consulta¬ 
tion  with  the  safety  inspector,  and  serve  for  a  period  of  three  months. 

All  conmiittees  meet  once  a  month  and  make  a  monthly  inspection  of  the 
part  of  the  plant  they  cover. 

The  department  committees  have  authority  to  pass  on  all  safety  questions 
in  their  respective  departments,  and  proceed  as  soon  as  possible  to  carry  out 
any  safety  provision.  Delay  is  not  only  dangerous,  but  causes  the  men  to 
lose  interest.  Workmen  m.embers  are  consulted  freely  and  urged  to  give  their 
ideas,  and  other  workmen  on  the  plant  are  asked  to  call  to  the  attention  of 
the  committee  any  dangerous  condition.  Questions  which  involve  a  heavy  ex¬ 
penditure  or  affect  the  general  policy  of  the  company  are  referred  at  once 
to  the  general  committee  for  prompt  action.  When  the  representatives  of  the 
management  on  the  comm.it tees  and  the  workmen  can  not  agree  on  any  specific 
question, this  is  referred  to  the  general  committee  for  final  decision. 

Foremen  and  bosses  are  given  to  understand  that  they  are  not  relieved 
of  responsibility  for  the  safety  of  their  men.  The  committees  are  intended 
to  coordinate  safety  efforts,  promote  safety  interest,  and  assist  the  bosses 
and  foremen  to  make  their  working  conditions  safe,  but  the  ultimate  responsi¬ 
bility  for  accidents  rests  with  the  boss.  Bosses  are  drawn  into  discussion 
of  proposed  changes  to  be  made  in  the  interest  of  safety. 


9982 


-  9  - 


I.C.  6546 


When  a  committee  has  decided  on  a  safety  measure,  it  must  he  -put  throu^ 
as  quickly  as  possible,  and  the  order  should  not  he  changed  or  canceled  with¬ 
out  first  consulting  the  committee.  Neither  manager,  superintendents,  nor 
anyone  else  ma^'-  change  a  ruling  of  a  departmental  committee  without  the 
approval  of  the  general  safety  committee  or  the  departmental  safety  committee 
concerned. 

Rules  are  enforced  or  repealed. 

Committees  see  that  after  safety  appliances  are  provided,  the  foreman 
insists  on  their  use. 

Each  of  the  undergroimd  safety  committees  takes  two  days  for  the  inspec¬ 
tion.  A  meeting  is  held  on  the  second  afternoon  after  the  inspection,  when 
both  committees’  records  of  the  previous  month,  the  accidents  for  the  current 
month,  and  the  comparison  of  accidents  for  the  year  to  date  are  all  read  and 
discussed,  after  which  the  meeting  is  thrown  open  for  the  discussion  of  any 
new  safety  suggestions  or  recommendations  that  may  he  brought  before  the 
meeting,  i 

While  making  the  inspection,  each  place  is  graded  and  marked  in  soma 
conspicuous  place  with  chalk  as  to  the  conditions  found  and  decided  upon  by 
the  comnittee.  The  following  letters  are  used  for  grading  the  working  places 

E  for  places  that  are  in  excellent  safety  condition,  and  no  suggestions 
are  made, 

G  for  places  considered  good,  but  one  or  more  minor  safety  suggestions 
are  made. 

M  for  medium. 

P  for  poor. 

» 

This  grading  has  created  considerable  rivalry  among, workmen.  It  is 
continued  with  a  follow-up  letter  to  each  of  the  shift  bosses,  commending 
them  for  the  excellent  and  good  safety  conditions  found  on  their  runs,  and 
calling  their  attention  to  the  unsatisfactory  conditions.  As  a  rule,  the 
surface  insnections  are  made  and  completed  in  half  a  day. 

Following  inspections  by  these  committees,  meetings  are  held  in  which 
various  phases  of  the  inspection  are  discussed,  and  letter  reports  are 
written  by  the  secretary.  Copies  of  this  report  are  sent  to  the  general 
manager,  mine  superintendent,  general  foreman,  bosses,  and  safety  engineer. 
The  reports  contain  lists  of  gradings  with  discussions  and  reasons,  and  com¬ 
parisons  with  similar  gradings  in  other  sections. 

Workmen  serving  on  committees  wear  a  safety  button  during  the  three 
months,  and  a  safety  watch  fob  at  the  conclusion  of  their  term.  These 
buttons  and  fobs  are  presented  by  the  company.  Men  take  pride  in  serving  on 
committees.  This  system  serves  as  a  valuable  means  of  interesting  the  work¬ 
men,  and  creates  large  numbers  of  safety  inspectors  throughout  the  plant. 
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Each  "boss  holds  a  meeting  once  a  month  'underground  with  all  of  his  men. 
The  time  and  place  is  left  up  to  the  boss.  The  length  of  this  meeting  is 
usually  about  20  minutes.  A  chi' irman ■  hhd 'secretary  are  elected  by  the  men. 
Discussions  are  held  on  various  safe  methods  of  raining,  with  particular 
emphasis  on  their  own  secti  on.. ^ 'Tire '(safety  engineer  attends  these  .meetings 
when  possible,  and  us-ually  gi'vfes  si  -  short  ..tallc.v 

In  addition  to  the  committee  mentioned,  there  is  a  grie-vance  committee, 
the  membership  of  which  consists  of.  four,  .men?  one  from  mining  department, 
one  from  mechanical  department,  vorie  from  "concentrating  department,  and  the', 
company  claim  agent.  ,  v  i j . 

.  '  '  -v-  ^  "I;'  ■'!  ■■  j  ■  ’  • 

All  of  these  men,  with  the  exception  o.f  the '  claim 'agent,- are  workmen 
elected  from  their  respective  departments  to  serve  one  year.  Bosses  and 
salaried  men  are  not -eligibrle -to  voto.  or  to -serve  on  this  comnittee.  Meet--; 
ings  are  held  once  a  month-  and  reports -are  sent  to  the  general  manager. 

This  committee  also  has  .char^'Ofi  a  relief  fund  for.  needy  workmen  and 
their  families,  into  which  fund  workmen  voluntarily,  pay  25  cents  a  month, 
and  the  company  donates  an  amount  equal  to  the  entire  workmen's  contribu¬ 
tion.  .  ;;v:\  •  • 


Hospital  and  Doctors 


Single  men  pay  $1.35  a  month  and  married  men  $1.80  a  month  as  hospital 
fees,  for  which  they  receive  free  medical  and  surgiohl  treatment  on  prescrip¬ 
tion  of  one  of  the  company's  doctors,  including  drugs,  dressings,-  and  hospital 
for  any  disease  or  injury  that  can  be  directly  attributed  to  their  work.  , 
General  "Dractitioner  services  are  also  rendered  free  to  the  families  of 
married  men  with  certain  exceptions,  and  in  some  cases  services  are  rendered 
at  cost. 


Bonuses. ....  • 

The  mine  supervisory  force,  including  general  mine  foreman,  di'vision 
foremen,  and  shift  bosses,  receive  bonuses  for  safety  records  as  follows: 


General  foreman  . . .  $55  for  clear  record  each  month. 

Division  foreman  ..  50.  for  clear  record  each  month. 

Shift  bosses .  25  on  basis  of'  accidents  per  1,000  shifts. 

can  go  over  or  under,  this  amount. 


Bonu 


Record 


Clear . . 

Nor  more  than  l/2  per  cent 
1/2  to  1  per  cent 

1  to  I-I/2  per  cent  . 

I-I/2  per  cent  or  more  .... 


f  bonuses  in  effect. 

based  on  the -per- 

worked: 

•  •  * 

Foremen 

'  . 

Shift  bosses 

$50 

$25 

40 

20 

‘  'SO'  .  •  ■■  ;  •• 

15 

20  -  ■  •  • 

10 

0 

0 
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All  records  start  atlfew  each  month* 

Educational'-  Work 

Safety  posters  obtained  from  national  organizations  and  also  made 
locally  are  conspict>.ously  posted  on  neat?  bulletin  boards  at  strategic  points 
on  the  surface. 

A  course  in  first  aid  comprising  five  lessons  of  two  hours  each  is  given 
to  all  new  employees  by  the  personnel  of  the  G-lobe-Miami  Mine-Rescue  Associa¬ 
tion.  Classes  are  held  at  times  convenient  for  the  workmen,  regardless  of 
the  shift  on  which  they  might  be  working,  and  they  are  required  to  complete 
this  course  in  six  weeks  or  be  discharged  as  a  loenalty  for  noncompletion. 

At  the  employment  office  each  man  is  given  a  lecture  on  the  rules  and 
policy  of  the  company  nertaining  to  safe  work.  He  is  also  given  a  good  for 
which  he  signs  a  receipt  agreeing  to  read  and  abide  by  the  rules  contained 
therein.  -  This  book  is  of  a  size  tliat  is  conveniently  carried  in  the  podcet 
and  has  a  substantial  binding. 

The  contents  of  the  book  are  a  forward  by  the  manager,  stating  the  gen¬ 
eral  policy  of  the  company,  and  a  total  of  23  rules  under  the  following  head¬ 
ings  in  order; 

1.  Safety  buttons  and  certificates, 

2.  General  hospital  rules. 

3.  General  rules. 

4.  Goggles. 

5.  First-aid  boxes  and  tool  kits. 

6.  Shafts  and  cages. 

7.  Timbering. 

8.  Explosives, 

9.  Electric  equipment  and  haulage, 

10.  Materials  and  tools. 

11.  Holes  and  openings. 

12.  Loading  from  chutes  and  tramming, 

13.  Drilling  and  shoveling,  . 

14.  Li^ts  and  lamps. 

15.  General  rales  to  be  observed  for  mine  fires. 

16.  General  rules  for  surface  departments. 

17.  Boiler  and  engine  room. 

18.  Wood  working  and  all  shops.  .... 

19.  Saws. 

20.  Jointer, 

21.  Boring  machine. 

22.  Railroad. 

« 

23.  Miscellaneous, 

In  addition  to  these  rules  there  is  a  list  of  special  rules  for  bosses 
which  is  included  in  the  apnendix. 
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'■  ?eha!tties»  The 'Penalty 'imposed^foi^' violation  of  any  of  the'^rules  con¬ 
tained  in 'the  hook  is  left ’entfi*eiy  ■  to'^’th'e  'hoss,  and  in  some  •  inhthnces"  to  the 
safety  committee.  There  are  no  set  penalties  for  the  violation  of' any  rule. 


••  v*v'  ••  -•■''Safety  Bht tons'' and  Certificates  '  .  ‘ 

1.  When  an  employee  of  the  Old  Dominion  Co.  has  completed  six  months 
service  without  a  time-lost  accident  he' will  he  entitled  to  a  safety -button. 

At  the  end  of  two  years’  without-'a"  time- lost '’accident  a  different  "button  will 
he  awarded,  and  at  the  end  of  5  years  without  a  time-lost  accident,  a  gold 
and  enameled  button' wiH  he  awarded.  "'Witli 'the- button  a  certificate  will  he 
issued 'shewing  the’lehgth  of 'time  the' employee  has  work'ed  without  a  tirae'=^-''" 
lost  accident,  ihiy.  man  leaving  the  employ  of  the  company  will  also  he 
entitled  to  a  certificate 'showing '  the  length  of  time  he  "has -worked  without 

a  time-lost  accident;  to  obtain  this  certificate  he  should’make  application 
for  it  to  the  employment  foreman. 

2.  A  time-lost  accident  is  defined  as  one  which  causes  loss  of  time 
after  the  day ’ in  which  the  accident  occurs;  150  days  worked  will  "be  considered 
as  6  months,  300  days  as  1  year,  600  days  as  2  years,  and  1500  days  as  S-years. 
Time  off  will  not  he  co'unted. 

3.  An  employee  who  causes  an  accident  to  a  fellow  employee  which  results 
in  .lost  time  beyond  the  day  on  which  the  accident  occurred  will  he  considered 
as  ha-vinig  had  a‘-time-lost  'accident,  even  if  he  himself  was  not  injured. 

.  ■  .  .  '  f. 

-  Physical  and  Mental  Qualifications 

Some  ‘types  of  work  in  the  mine  require  certain ’physical  and  mental  qual¬ 
ifications  in  order  that  safe  and  efficient  performance  of  the  same  may  he 
assured,  such  as  grizzly  work,  blasting,  etc.  With  this  idea  in  view,  new 
men  are  placed  on  types  of  work  most  suitable  to  their  qualifications,  as  far 
as  possible,  '  • 


■  Equipment 

The  day  before  starting  work,  all  hew  m'en  must  provide  themselves  with 
the  following  accessories,  which  are  compulsory:-'  hard  hat,  goggles,  carbide 
lamp,  carbide  can,  matches  in  moist'ure-proof  container,  and  safety  shoes  i 

'*i?he  com-oany  charges  for  the  lamp’’ and  the  hard  hat  at  cost.  Credit  for 
these  may  be  obtained  and  is  deducted  from  the  first  pay  check.  Goggles  are 
furnished  free. 

The  wearing  of  loose  or  unnecessary -clothing  is  discouraged. 

The  eager  has  instructions  to  nreveht  anyone  from  entering  the  mine 
unless'  he  is  -orovided  with  the  compulsory  equipment;  these  instructions  are 
carried  out  thoroughly. 

Special  equium'ent  such  as  wrenches,'  tool  sacks'j  powder  sacks,  fuse  sacks, 
foot  protectors,  respirators,  etc.,  is  furnished  if  needed,  before  a  man 
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goes  to  work.  Every  man  is  provided  with  a  wrench  "before  going  to  work,  and 
he  is  charged  for  it.  '  When  he  severs  his  connection  with  the  company  he  re¬ 
turns  this  and  receives  his  deposit. 

All  men  performing  work  likely  to  produce  flying  particles  are  required, 
to  wear  goggles.  ■ 

1.  Goggles  must  he  used  when  .chipping  with  either  hand  or  pneumatic 
tool.  This  applies  to  cleaning  as  well  as  cutting  metal. 

2.  Goggles  must  he  used  on  all  finding  with  emery  wheels,  except  in 
the  case  of  grinding  plungers  and  rod's  with  the  regular  lathe  equipment. 

3.  Goggles  must  he  used  when  ••flogging”  tools  are',held  in  sudi  a  position 
that  a  chip  or  flake  mi^t  fly  upward. 

4.  Goggles  must  he  used  when  handling  or  pouring  hot  hahhitt  or  lead. 

5.  Goggles  must  he  used  on  lathe  work  when  the  material  being  cut  is 
hard  or  brittle  and  the  cuttings  have  a  tendency  to  fly. 

6.  Goggles  must  he  used  when  there  is  danger  that  sawdust  and  other 
flying  particles  may  get  in  the  eyes, 

7.  Goggles  must  he  worn  when  breaking  rock  or  concrete,  unloading  lime 
or  while  doing  any  work  which  endangers  the  eyes. 

-  8.  Goggles  must  he  worn  while  breaking  howldors,  starting  holes,  pick¬ 
ing  or  moiling  hard  ground,  barring  down  ground,  blowing  out  holes,  barring 
down  chutes  from  manways,  and  in  all  other  work  where  there  is  danger  from 
flying  objects  or  dust. 

Standardization  of  Work 

Because  of  the  several  methods  of  stoping,  standardization  of  all  work 
has  been  difficult,  hut  certain  classes  of  work  such  as  timbering  in  develop¬ 
ment,  blasting,  haulage,  and  development  have  been  standardized  throu^out 
the  mine  so  .that  ,if  a  man  is  transferred  he  will  have  identical  working  con¬ 
ditions  as  far  as  possible. 

•  •  ••  r  ,  ,  r.' 

Eollowing  is  an  example  of  equipment  furnished  and  instructions  given 
to  men  working  on  grizzlies: 

8-pound  hammer  with  one  end  drawn  to  a  pidc  point. 

Safety  belt  with  rope  attached. 

Pick  and  shovel. 

Draw  hook  to  turn  rock  over  without  using  hands. 

2  pointed  bars,  one  4  feet  and  one  6  feet  long,  with  a  loop  handle 
to  prevent  smashing  the  hand. 

New  men  are  acquainted  by  the  shift  boss  with  the  following  instructions: 
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1.  To  use  goggles  when  sledging. 

2.  Not  to  work  one  draw  raise  when  the  opposite  one  is  hung  up, 

3.  To  use  standard  equipment  properly. 

4.  Not  to  work  without  safety  "belt  and  rope  attached. 

,5.  How  to  make  a  -primer. 

6.  How  to  prepare  a  "homh”  to  place  on  a  stick  for  "blasting  hung-up 
chutes, 

7.  How  to  operate  "blasting  signals  to  notify  workmen  on  haulage  level 
"below, 

8.  How  to  blast, 

SANETY  DEHCES  IN  TEE  MINE 

f 

Drawings  in  connection  with  new  work  for  the  entire  plant  are  examined 
and  approved  for  safety  and  efficiency  by  the  superintendent  and  head  of  the 
department. 

Many  safety  devices  have  been  standardized  in  the  Old  Dominion  mine, 
most  of  which  are  foreign  to  other  proi;)erties.  -The  most  outstanding  of  these 
are  listed  below; 

Blasting.  -  Both  the  explosive  and  detonator  magazines  are  of  the  dugout 
type,  naturally  barricaded,  and  at  least  1,000  feet  from  any  building. 

Electric  lights  are  installed  in  gasproof  containers,  and  the  switches  are  so 
arranged  that  when  the  door  is  shut  the  jjower  is  off.  ‘An  attendant  spends 
his  entire  time  at  these  two  magazines. 

One  day’s  supnly  of  explosives  is  transported  underground  daily  at  9:00 
a.m.  in  the  original  boxes  and  liand-trammed  from  the  shaft  to  the  underground 
explosive  magazines,  from  which  it  is  issued  in  canvas  sacks  to  the  miners. 

Underground  magazines  do  not  contain  more  than  one  day’s  supply  of  ex¬ 
plosive.  They  are  electrically  lighted  with  globes  in  gasproof  containers. 
Detonator  and  explosive  magazines  are  separated  by  at  least  50  feet  of  solid 
ground. 

About  90  per  cent  of  the  blasting  is  done  electrically.  Delay  detonators 
ranging  from  0  to  15  and  of  8X  strength  are  used.  Power  is  250  volts  direct 
current  and  is  talcen  from  the  trolley  line.  Fuse  blasting  is  employed  only 
in  some  of  the  square-set  stopes. 

Each  working  place  has  its  individual  blasting  switch  and  line.  Two 
wires  are  run  to  the  working  face.  Tlie  permanent  line  is  kept  far  enough 
from  the  scene  of  blasting  to  prevent  damage  to  it.  In  the  stopes  all 
blasting  switches  are  at  the  entraiice.  These  switches  are  not  locked,  but 


9982 


15  - 


I.C.  6546 


have  a  sign  hung  on  the  handle  signifying  their  use.  G-aps  or  interrupters 
are  always  in  the  "blasting  line  "between  the  switch  and<the  face. 

After  the  holes  have  haen  loaded,  the  detonator  wires  are  connected  in 
parallel,  and  to  a  temuorary  "blasting  line.  This  line  is  unrolled  and  sup¬ 
ported,  as  the  miners  retreat  from  the  face,  and  is  attached  to  the  permanent 
"blasting  line  at  a  safe  distance  from  the  scene  of  "blasting.  The  interrupters 
are  then  connected  and  "blasting  is  done  from  the  "blasting  switch. 

The  blasting  switch  is  of  the  square,  D  type,  encased  in  a  steel,  water¬ 
proof  box  painted  red,  the  lid  of  which  has  a  baffle  plate  so  arranged  that 
the  switch  can  not  be  closed  unless  the  box  is  open.  Coil  springs  attached 
to  the  switch  keep  it  open  unless  it  is  held  closed. 

All  men  are  instructed  in  the  blasting  procedure  by  the  bosses. 

Explosives  have  red  wrappers  and  tamping  has  white  wrappei'S. 

Safety  Belts.-  Safety  belts  with  ropes  attached  are  used  in  all  stopes, 
at  grizzlies,  and  around  shafts  and  pockets.  The  ropes  are  short  enough  to 
prevent  a  man  from  falling  through  the  grizzly. 

Grizzly  Coverinp;.-  All  grizzlies  in  the  stopes  are  kept  covered,  when 
not  in  use,  by  two  2  by  12  inch  by  6-foot  sound  planks  laid  side  by  side. 

Drilling.-  All  drilling  in  the  mine  is  done  wet,  Stoper  handles  have 
steel  guards  so  attached  that  they  will  protect  the  hand  from  falling  rocks. 

Track  Switches.-  Track  switches  leading  off  the  main-line  haulage  are 
equipped  with  air  whistles  and  a  red  light  so  arranged  that  when  the  switch 
is  thrown  against  the  main  line  the  whistle  blows  constantly  and  the  red 
li^t  remains  on  (see  fig,  1). 

t 

Ladders . -  Ladders  are  installed  in  raises,  shafts,  and  other  places,  with 
lattice  doors  at  every  20  feet.  Lattice  doors  made  from  short  lengths  of 
ladder  are  used  so  that  ventilation  will  be  obstructed  as  little  as  possible, 

<• 

A  li^t,  rigid  steel  extension  ladder  is  used  to  repair  chutes  and  raises. 
The  extensions  are  5|-  feet  long.  This  ladder  has  many  advantages  over  the 
chain  or  rope  ladder — for  instance,  it  has  a  better  hand  and  foot  hold  (fig.  2). 

When  repairing  chutes,  a  clevis  is  used  for  lowering  or  raising  timbers. 

A  hole  is  bored  through  the  ti5iber  and  the  clevis  attached  by  means  of  a 
bolt  (fig.  3). 

Trolley-Wire- Guards.-  Trolley  wires  are  installed  7  feet  above  the  rail, 
and  box  guards  are  used  in  front  of  chutes  or  where  men  work  near  them  or 
pass  under  them  constantly.  This  guard  completely  covers  the  wire.  It  has 
a  tapered  slot  at  each  end.  The  trolley  pole  spreads  this  guard  when  passing, 
and  the  guard  closes  automatically  by  its  own  wei^t  after  the  trolley  has 
passed  (fig.  4). 
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Figure  I.-  Whistle  afid  signal~light  system 
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Figure  4.-  Trolley  guard 
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Figure  2.-  Steel  extension  ladder  for  repairing  Figure  3.-  Six-inch  clevis  used  in  Figure  5.-  Portable  wooden  trolley  guard 

chutes  and  raises  repairing  chutes  used  by  repairmen 
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Small  portable  wooden  guards  are  hilng  oft  the  trolley  wire  hy  men  per¬ 
forming  temporary  work.  These  guards  have  to  he  removed  before  the  trolley 
can  pass  over  the  wire  (fig.  5). 

7irst-Aid  Material.-  All  employees  carry  adhesive  mercurochrome  com¬ 
presses  and  ammonia  inhalants.  Large  first-aid  cabinets  are  kept  at  strategic 
points  underground  and  contain  the  following  materials: 

1  bottle  of  picric  add. 

Splints  for  leg  and  arm. 

1  pound  'f  cotton  padding. 

18  triangular  bandages. 

12  1-inch  roller  bandages, 

12  2- inch  roller  bandages. 

24  1  to  4-inch  sterile  compresses. 

Long  leg  splints  are  used  in  place  of  the  regular  broken-back  splint. 

Trash  Disposal.-  One  man  suends  his  entire  time  cleaning  up  around  the 
shaft  stations  and  other  places  where  trash  accumulates. 

Fire  Prevention.-  All  workings  are  equipped  with  water  lines  for  fire 
fighting,  and  enough  hose  connections  are  made  for  regular  air  hoses,  since 
there  is  always  a  supply  of  these  on  hand,  and  miners  are  familiar  with 
their  use.  The  air -line  is  also  so  arranged  that  water  can  be  turned  into 
it  in  the  event  of  an  emergency.  In  addition  to  this,  fifty-fix  2^gallon 
,  capacity  soda-acid  fire  extinguishers  are  stored  at  strategic  places  under¬ 
ground.  Pyrene  extinguishers  are  used  on  the  surface. 

Miners  can  be  warned  by  means  of  a  stench  system  attaclied  to  the  air 
line  and  also  by  signals  on  the  lij^t  line. 

Regular  fire  drills  are  held  on  the  surface. 

Emergency  boxes  containing  the  following  oquiTmient  are  kept  on  all 
levels,  several  being  on  the  larger  levels: 

1  4-pound  hammer. 

1  18-inch  stilson  wrench. 

1  24-inch  stilson  wrench. 

1  handsaw,  5  teeth  to  the  inch. 

1  claw  bar. 

6  double  connections  for  air  hose. 

12  rubber  gaskets. 

1  wood  chisel. 

1  cold  chisel. 

6  ladder  hooks, 

24  pipe  staples. 

4  pounds  assorted  nails. 

1  light  axe. 

Bell  reducers  ^  to  f  inch,  f  to  1  inch,  1  to  1^  inches 
1^  to  2  inches. 

All  fire  equipment  is  regularly  inspected, 
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REPORTS  OP  ACCIDENTS 

All  injuries »  whether  they  are  serious  or  not,  are  repqfi^d  l3y'inie‘^^‘l)oese»v 
on  regular  forms. 

If  the  accident  is  serious  enongh  to  require  medical  attjehtion,  -  the  hoes 
issues  a  "blue  card  to  the  injured  workman  which  he  presents  ari  the  hospital. 
This  cardis  ret\irned  to  the  general  foreman  hy  the  doctor,  and  is  later  given 
to  the  shift  boss  when  the  man  returns  to  work.  • 

If  the  worlonan  fails  to  report  to  his,  boss  and  goes  to  the  hospital  for 
treatment,  a  red  card  from  the  hospital  is.  sent  to  his  boss  when  he  returns 
to  work. 

A  man  reporting  to  the,  hospital  must  be  formally  released  before  returning 
to  work.  Reproductions  of  the  cardsfollow  (fig.  6)^-' 

PIRST-AID  AND  MINE-RESCUE  FACILITIES 

The  company  is  a  member  of  the  Globe-Miami  Mine-Rescue  and  First-Aid 
Association  which  maintains  a  station  1  mile  from  the  mine.  At  this  station 
:'irst-aid  and  mine-rescue  apparatus  is  kept  in  readiness  at  all  times  for 
emergency  use.  Trucks  are  kept  equipped  with  this  apparatus  so  that  there  is 
.1  minimum  of  delay  in  getting  to  the  scene  of  a  disaster. 

The  personnel  of  the  station  consists  of  a  director  and  three  assistants, 
one  of  whom  is  on  duty  at  all  times.  Pirst-aid  and  mine-rescue  training  is 
^iven.to  employees  of  the  Old  Dominion  Co.  by  the  station  personnel. 

In  1930,  all  employees  of  this  company  were  trained  in  first  aid  by  a 
representative  of  the  United  States  Bureau  of  Mines,  and  since  then  all  new 
men  have  been  trained  in  first  aid  by  the  personnel  of  the  Globe-Miami  Mine- 
Rescue  and  First-Aid  Association. 

A  crew  of  15  men  has  been  trained  in  mine-rescue  and  recovery  operations 
and  receives  additional  training  every  month.  There  are  also  crews  available 
on  short  notice  from  other  mining  companies  in  the  district.  These  men  re¬ 
ceive  a  bonus  of  30  cents  a  day, 

A  copy  of  the  examination  given  these  men  is  included  in  tie  appendix. 

Tables  1,  2,  and  3  give  the  accident  statistics  for  the  Old  Dominion  Co. 
and  the  Hielps  Dodge  Corporation,  and  Figure  7  shows  the  lost-time  accidents 
over  a  7-year  period. 
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Table  1.  -  Lost-Time  accident  record  of  the  Old  Dcanlnion  Co. 


1930 

1929 

1928 

Department 

ITum- 

] 

j  Total 

Per 

1000 

hum- 

; 

Total 

Per 

1000 

ITum- 

Total 

Per 

1000 

ber 

j  shifts 

shifts 

ber 

shifts 

shifts 

ber 

shifts 

shifts 

Underground 

mining 

10 

144,158 

0.069 

10 

163,182 

0.061 

15 

153,006 

0.098 

Crushing  and 

concentrating 

Mechanical 

0 

21,185 

.000 

1 

20,500 

.049 

0 

20,303 

.000 

and  shops 

Mi  s  c  el  lane  ous 

2 

54,810 

.036 

■ 

0 

52,813 

.000 

2 

51.269 

.039 

surface 

1 

13,538 

.074 

0 

14.291 

.000 

0 

13.179 

.000 

All  other 

0 

12.843 

.000 

0 

13,513 

.000 

0 

14,605 

.000 

Total 

13 

246,535 

0.053 

11 

264,299 

0.042 

17 

252,362 

0.067 

1927 

1926 

1925 

Department 

Per 

Per 

Per 

Total 

1000 

Hum- 

Total 

1000 

Hum- 

Total 

1000 

ber 

shifts 

shifts 

ber 

shifts 

^ifts 

ber 

shifts 

shifts 

Underground 

mining 

58 

186.307 

0.311 

86 

209,222 

0.411 

204 

198,231 

1.029 

Crushing  and 

concentrating 

Mechanical 

6 

21,620 

.277 

2 

22,273 

.090 

2 

22.452 

.089 

and  shops 

1 

55,836 

.018 

14 

53, 502 

.239 

18 

55,376 

.325 

Miscellaneous 

surface 

1 

13,819 

.072 

2 

16,498 

.122 

5 

18, 146 

.276 

All  other 

0 

16,407 

.000 

0 

13,138 

.000 

0 

19,900 

.000 

Total 

66 

293,989 

0.224 

104 

324,633 

0.320 

229 

312,105 

0.734 

Table  2.  -  Departmental  Lost-time  accident  records  of  the  Old  Dominion  Co»' 


Pres ent  record 


Best  record 


Department 

Date  last 
accident 

Days 

clear 

Shifts  iSuccessive 
worked  idsys  clear 

Shifts 

worked 

Dates 

Underground 

mining 

12/9/30 

22 

9,000 

237 

101,300 

10/25/29  to  6/20/30 

Crushing  and 
concentrating 

12/3/29 

393 

22.777 

745 

41,700 

11/27/27  to  12/3/29 

Mechanical 
and  shops 

8/15/30 

138 

18,  574 

713 

103,300 

1/21/28  to  1/5/30 

Miscellaneous 

surface 

9/17/30 

105 

3,159 

1,229 

50,500 

5/5/27  to  9/17/30 

All  other 
departments 

None  since 
1924 

2190 

103,065 

2,190 

103,065 

12/31/24  to  1/1/31 

Total 

12/9/30 

22 

15,000 

165 

120.700 

1/5/30  to  6/20/30 
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Tatle  3.  -  Lost-time  accidents  of  the  Old  Dominion  Co«  and  tho  Phelps 

Dodge  Corporation. 

1924 


- - - - —  „  .  ^ 

Fatal  . 

Serious . 

L  Slight 

Total 

Properties 

Num- 

"ber 

Per 

1000 

shifts 

]^um- 

"ber 

Per 

1000 

shifts 

Num- 

"ber 

Per 

1000 

shifts 

Uun- 

"ber 

Per 

1000 

sMfts 

Copper  Qij.een  Branch 

6 

0.008 

219 

0.247 

615 

0.695 

840 

0.950 

Mocteziima  Copper  Co. 

9 

.018 

112 

.224 

738 

1,478 

859 

1.720 

Itorenci  Branch 

1- 

.002 

198 

.450 

267 

.607 

466 

1.053 

Old  Dominion  Co. 

4 

.014 

68 

.237 

149 

.51^ 

221 

.770 

Four  metal  "branches 

20 

_ 

0.009 

_ 

597 

0.283 

1769 

0.838 

2386 

1.130 

1925 


Copper  Qp.een  Branch 

2 

0.002 

166 

0.184 

315 

0.349 

483 

0,535 

I.Ioctezuma  Copper  Co. 

3 

.005 

51 

.093 

229 

.418 

233 

.516 

Morenci  Branch 

3 

,007 

133 

.293 

263 

,578 

399 

.878 

Old  Dominion  Co. 

5 

.019 

81 

.260 

142 

.455 

229 

.734 

Four  metal  "branches 

14  ■ 

0.006 

431 

0.195 

949 

0.428 

1394 

0.629 

1926 


Copper  Q,ueen  Branch 

2 

0.002 

82 

0.094 

111 

0.128 

195 

0.224 

Moctezimae  Copper  Co. 

4 

.007 

26 

.046 

56 

.100 

86 

.153 

Morenci  Branch 

0 

.000 

49 

.113 

65 

.151 

114 

.264 

Old  Dominion  Co. 

1. 

.003 

31 

.095 

72 

.222 

104 

.320 

Four  metal  "branches 

7 

0.003 

138 

0.086 

304 

0.139 

499 

0.223 

1927 


Copper  Q,ueen  Branch 

6  i 

0.007 

81 

0.093 

46 

0.052 

132 

0.152 

Moctezuma  Copper  Co. 

3  1 

.005 

16 

.027 

18 

.030 

37 

.062 

Morenci  Branch 

2  1 

.005 

18 

.046 

8 

.020 

28 

.071 

Old  Dominion  Co, 

0  ' 

.000 

34 

.115 

32 

.109 

66 

.224 

Total  metal  branches 

1 

11  i 

0.005 

149 

0.069 

103 

0.048 

263 

0,122 

Stag  Canon  Branch  (coal) 

5  1 

.016 

53 

.175 

109 

.359 

167 

.550 

Total  all  "branches 
— —  _ 1 

’ 

_ 

1 

16  i 

0.007 

202 

0.082 

212 

0.086 

430 

0.175 

( 
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Tatle  3.  -  Lost-time  accidents  of  the  Old  Dominion  Co.  and  the  Phelps 

Dodge  Cort)o ration — Continued 

1928 


Properties 

Fatal 

Serious 

Sli^t 

Total 

Unm- 

'ber 

Per 

1000 

shifts 

Dum- 

'ber 

Per 

1000 

shifts 

I'Tum- 

Pcr 

Per  ’ 
1000 
shifts 

Kum- 

'ber 

Per 

1000 

shifts 

Copper  Queen  Branch 

0.002 

49 

0.060 

22 

0.027 

73 

0.089 

Moctezuma  Copper  Co. 

6 

.010 

13 

.021 

8 

.013 

27 

..044 

Morenci  Branch 

5 

.013 

9 

.024 

s 

.005 

16 

.042 

Old  Dominion  Co. 

1 

.004 

13 

.051 

3 

.012 

17 

.067 

Total  metal  hranches 

14 

0.007 

84 

0.040 

35 

0.017 

133 

0.064 

Stag  Canon  Branch (coal) 

5 

.020 

44 

,176 

29 

.117 

78 

.313 

Total  all  'branches 

19 

_ 

0.008 

128 

0.055 

64 

0.028 

211 

0.091 

1929 


Copper  Queen  Branch 

3 

0.003 

41 

— 

0.040 

5 

0.005 

49 

0.043 

Moctezuma  Copper  Co. 

4 

.005 

lo 

.025 

4 

.007 

24 

.033 

Morenci  Branch 

— 

— 

6 

.013 

— 

— 

6 

.013 

Old  Dominion  Co. 

1 

.004 

10 

.038 

- 

— 

11 

.042 

Total  metal  'branches 

8 

0.003 

73 

0.031 

9 

0.004 

90 

0.038 

Stag  Canon  Branch (coal) 

1 

.005 

22 

.113 

3 

.015 

26 

.133 

Total  all  "branches 

9 

0.003 

95 

_ 

0.037 

12 

0.005 

116 

, 

0.045 

FoTor  metal  'branches,  per  cent  decrease  in  1929  accident  rate  compared  with  year 


1928 

57.2 

22.2 

76.5 

40.6 

1927 

40.0 

55.1 

91.7 

68.9 

1926 

— 

64.0 

97.1 

83.3 

1925 

50.0 

84.1 

99.1 

94.0 

1924 

66, 6 

83.2 

99.5 

96.3 

1923 

76.9 

87.7 

99.5 

96.1 

1930 


Copoer  Queen  Branch 

2 

0.003 

24 

0.036 

3 

0.004 

29 

0.043 

Moctezuma  Copper  Co. 

3 

.006 

14 

.030 

2 

.004 

19 

.040 

Morenci  Branch 

2 

.005 

6 

.015 

2 

.005 

10 

.025 

Old  Dominion  Co. 

2 

.008 

10 

.041 

1 

.004 

13 

.053 

Total  metal  'branches 

9 

0.005 

54 

0.030 

8 

0.005 

71 

0.040 

Stag  Canon  Branch(coal) 

1 

.009 

15 

.140 

2 

.019 

18 

.168 

Total  all  'branches 

10 

0.005 

69 

0.037 

10 

0.005 

89 

0.047 
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f 

dOL'CLUSlOlJ. 

The  Old  Dominion  Co.  has  been  able  to  create  and  maintain  in  the, last . 

few  years  an  enviable  safety  record. ...  This  is  all  the  more  apparent  when  ad¬ 
verse  working  conditions  are  taken  into  consideration.  Such  an  accomplishment 
has  been  made  possible  by  the  enthusiastic,  support  given-the  safety  department 
by. every  man  from  the  manager  down,  the  realization  that  safety  starts  at  the 

top  and  must  be  treated  as  a  major  operating  problem,  an  intelligent  stu^  of...  _ 

working  conditions,  and  the  adaptation  of  the  principles'- of  safety  to'  those 
conditions.  ... 
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APPEIDIX 

mroER&Rouiro 


■  '  "Poremen  and  Bosses  Safety  Rules 

The  follovring  instructions  are  issued  to  foremen  and  bosses  of  the  Old 
Dominion  Co.: 

In  case  of  a  serious  injury  some  one  must  he' sent  with  the  injured  man 
to  see  that  he  has  proper  care  until  arrival  at  the  hospital. 

Blue  cards  are  urovided  which  must  he  filled  out  hy  the  boss  and  issued 
to  all  injured  men  to  take  to  the  doctor  for  treatment. 

All  new  men  must  he  taken  to  the  call-hell  on  the  station  of  the  level 
on  which  they  are  working  and  given  full  instruction  in  the  use  of  the  same 
for  calling  the  cage,  for  the  purpose  of  eliminating  all  chances  of  having 
any  person  ring  the  wrong  hell. 

Any  boss  who  sees  a  man  working  'under  conditions  which  he  considers  dan¬ 
gerous,  although  he  is  working  for  another  boss,  must  stop  him  immediately 
and  have  the  other  boss  notified  as  quickly  as  possible. 

Bosses  who  have  untimbered  drifts  which  they  consider  too  dangerous  to 
work  without  timbering,  must  take  immediate  action  to  secure  the  same,  or 
place  men  elsewhere  and  notify  their  foreman. 

'  Rigid  inspection  of  drifts  in  the  raw  must  be  made  to  secure  solid  back 
and  sides. 

• 

Timbered  Drifts.  All  timbered  drifts,  either  in  ore  or  waste,  which  can 
be  picked  mu-st  be  equi-pped  with  a  top  bridge  hi^i  enough  to  take  4-inch  spil¬ 
ing  if  -necessary,  and  either  plank  or  spiling  must  be  put  in  as  the  shifter 
decides  is  necessary. 

Timber  in  the  level  above  working  raises  must  be  caught  u'o  before  the 
raise  is  broken  through.  If  the  raise  is  coming  through  on  the  run  of 
another  foreman,  the  foreman  in  charge  of  the  raise  must  notify  him  of  the 
same  and  see  to  it  himself  that  the  work  is  done  before  breaking  through. 

Bosses  must  not  allow  one  man  to  work  alone  in  dangerous  places. 

Smoking  shall  be  strictly  prohibited  on  cages,  moving  man-trucks,  timber 
stations,  powder  magazines,  or  while  carrying  or  handling  explosives. 

See  that  men  who  are  to  be  hoisted,  line-up  back  of  turnsheet  and  take 
their  regular  turn  without  crowding.  Bosses  are  instructed  to  discViarge  all 
viola'cor  s. 

Bosses  must  call  to  the  attention  of  men  fooling  on  the  job  with  others, 
especially  while  riding  on  cages,  the  regulation  prohibiting  this  practice, 
and  see  that  it  is  strictly  enforced. 
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The  doorways  on  the  skin  compartments  on  stations  where  men  get  off  and 
on  must  he  kept  clean. 

At  the  time  brass  checks  are  given  to  new  men  going  underground,  the 
time  clerk  shall  also  issue  to  each  man  a  pair  of  goggles  with  the  printed 
instructions  for  wearing  them. 

It  must  he  seen  to  that  all  men  are  provided  with  goggles  and  that  they 
are  being  worn  by  them  while  engaged  in  breaking  bowlders,  starting  holes, 
nicking  hard  grcind  or  moiling,  barring  down  ground,  blowing  out  holes,  barr¬ 
ing  down  chutes  from  manways,  and  all  other  work  where  there  is  danger  of 
flying  objects  or  dust. 

Wliere  men  are  not  provided  with  goggles  for  use  in  their  work,  all  eye 
injuries  that  might  have  been  prevented  by  the  wearing  of  goggles  shall  be 
classed  against  supervision,  except  in  cases  where  inability  to  secure  goggles 
has  been  previously  reported. 

Men  working  in  drifts  must  use  the  light  signals  provided  for  that  pur¬ 
pose  to  prevent  being  run  into  by  motor  trains;  and  before  lea^'/ing,  the 
signals  must  be  removed. 

Trolley-line  boxes  must  be  provided  for  men  working  around  trolley  lines, 
and  bosses  must  insist  on  their  use, 

Motormen  must  leave  the  reverse  lever  on  their  motor  in  neutral,  and  re¬ 
move  trolley  pole  from  wire  v/henever  necessary  for  them  to  leave  their  motor. 

Instruct  motormen  to  slow  down  their  trains  when  meeting  men  in  drifts. 

Discipline  must  be  used  with  men  caii^t  coupling  cars  while  the  train 
is  in  motion,  by  giving  them  a  short  lay-off  for  the  first  offense,  and  dis¬ 
charging  them  for  the  second  offense. 

ITo  person,  including  motorman  and  brakeman,  shall  get  off  or  on  motors, 
man-trucks  or  mine  cars,  while  in  motion, 

Motormen  either  pulling  or  pushing  trucks  loaded  with  timbers  must  have 
a  mine-car  between  the  motor  and  timber  truck  to  protect  himself  and  helper 
against  being  cau^t  with  the  timber. 

All  switches  in  main  haulage  drifts  must  be  equipped  with  red  lights  and 
whistles,  and  the  switch  points  must  be  left  turned  for  the  main  haulage 
drifts  at  all  times. 

As  soon  as  a  missed  hole  is  detected  in  a  working  place,  all  work  must 
be  stopped  until  the  missed  holes  are  blasted. 

Men  are  strictly  forbidden  to  enter  any  place  after  blasting  in  case  of 
misfire,  or  for  a  period  of  30  minutes  from  the  time  the  fuse  was  lighted. 
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Hardwood  skewers  must  -be  ,p?  ovided  for  boririg "holes  in  powder  to  insert 


caps, 


Blasting  switch  boxes  mast  be’ marked  to  correspond  with  the  working  place 
for  which  the  box  is  used,  and  tiast'  have  a  tag  attached  bearing  the  words 
DAiTGSR  -  DO  NOT  OPEN. 

All  timber  being  blasted  mast  be  done  allowing  safe  time  to  return  and 
make  an  inspection  for ^fire  before  going  off  of  shift. 

Men  blasting  with  electricity  must  be  instructed  to  touch  the  ends  of 
the  lead  wires  together  before  connecting  them  to  the  wires  from  the  holes. 

In  case  they  get  a  spark  when  touching  the  wires  they  are  to  make  a  thorough 
’  inspection  for  the  trouble  and  have  it  fixed  before  connecting  the  wires, 

• 

Drifts.  All  level  development  must  be  blasted  with  electricity  from  the 
start. 


Raises,  All  level  raises  must,  be, blasted  with' electricity  from  the  butt 
caps.  No  deviation  from  this  rul-e.iwlll  be: permitted  except  by  first  securing 
permission  from  the  foreman. 

•K  •  '  »  . 

Failure  to  secure  blasting  equipment  will  not  make  the  use  of  fuse  per¬ 
missible,  but  must  be  reported  to  the  foreman  at  once. 

Before  climbing  up  a  working  raise  the  air  must  be  turned  off,  then 
turned  on,  and  then  turned  off  again  with  a  short  pause  between  each  operation. 
Then  get  in  communication  with  the  men  in  the  raise  and  if  it  is'  all  right  to 
climb  up,  turn  the  air  on  and  go  up.  When  down  out  of  the  raise  and  in  the 
clear,  signal  to  the  men  in  the  raise  b;/  turning  the  air  off  and  on  again. 

All  raise  manways  must  be  properly  covered  at  the  top  while  men  are 
climbing  up  or  down. 

For  hoisting  and  lowering  timbers  a  chain  must  be  attached  to  the  rope 
and  two  hitches  made  around  the  timber. 

The  promiscuous  dum-ping  of  carbide  from  lamps  where  the  d'ust  and  fumes 
are  offensive  to  other  men  in  strictly  forbidden.  Bosses  are  requested  to 
see  that  this  rule  is  not  being  violated. 

For  erecting  stages  underground,  the  plank  being  used  to  nail  against 
the  posts  must  have  two  (s)  nails  at  each  end. 

All  manways  not  in  good  condition  to  travel  through,  also  those  that  are 
in  good  condition  but  temporarily  blocked  by  obstructions  so  that  a  person 
can  not  pass  throu^,  must  be  marked  with  a  sign,  -CLOSED, 

Temporary  universal  danger^notices-  only,  must  be  used  as  temuorary  dan- 
get  signs  for  protecting  men  working  in  chutes,  manways,  etc.  These  notices 
must  be  properly  filled  in  and  dated,  and  removed  immediately  when  no  longer 
needed. 
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A  V  I  •  < 

A  brace,  "bit,  and  clevis  must  Ue  supplied  to  the  men*  with  instractions 
to  use  them  wherever  it  is  heceseary  to  work  under  timber  being  hoisted  or 
lowered,  . .  ;• , 

Dust  must  be  dampened  wherever  possible,  on  machines  and'  other  places. 

All  intakes  and  the  exposed  working  parts  on  the  fan  blowers  must  be 
kept  guarded. 

All  loading  places  at  chut os  where  men  have  to  stand  and  load  cars  must 
be  extended  back  so  as  to  be  not  less  than  three  (3)  feet  from  the  side  of 
the  cars,  ,  • 

See  that  care  is  exercised  in  piling  timbers  in  main  drifts  and  crosscuts, 
and  have  the  timber  kept  in  the  timber  stations  wherever  possible. 

See  that  pipes  in  manways  are  put  in  so  as  not  to  interfere  with  men 
climbing  on  the  ladders,  ' 

TThen  putting  in  air  or  water  lines,  staples  must  be  used  for  the  small 
pipes,  and  hooks  for  the  large  pipes,  to  hold  them  in  plac®, 

f  .  ■  '  ‘  ’ 

Enough  trolley-line  boxes  must  be  used  to  extend  several  feet  each  way 
from  where  repairmen  are  working. 

The  wearing  of  fuse  for  belts  is  strictly  forbidden, 

Eire  Prevention  and  Protection,  All  abandoned  workings,  not  needed  for 
the  operation  of  the  mine,  and  in  which  there  is  a  fire  hazard,  should  be 
sealed  with  gunite  stoppings. 

All  stations,  rooms,  and  recesses  constructed  of  wood,  or  other  inflammable 
material  for  the  installation  of  electrical  equipment,  must  be  thoroughly 
fireproofed.  •..  . 

Trolley  wires  must  not  touch  caps  of  drift  sets  or  projecting  timbers. 

All  lamp  sockets  and  fuse  boxes  must  not  be  less  than  six  inches  from 
timbers,  ' 

Levels  extending  long  distances  from  mine  openings  must  be  provided  with 
nermanent  fire  doors  at  intervals  not  exceeding  1000  feet. 

The  use  of  carbide  ^ lamps  with  swivel  hooks  is  prohibted. 

Careless  men,  especially  those  who  have  been  previously  warned,  must  be 
disciplined  by  a  short  lay-off  for  the  first  offense  and  discharge  for  the 
second  offense. 

Bosses  on  duty  when  mine  is  not  working  are  in  full  charge  and  are 
responsible  for  existing  conditions,  and  in  case  of  emergencies,  must  take 
immediate  action. 
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General  Rules  to  "be  Oliserved  for  Mine  Fires 

(Amended  March  15,  1927) 

1.  The  first  consideration  mast  Ido  the  safety  of  all  the  -men. 

2.  All  air  currents  are  to  “be  maintained  as  nearly  normal  as  possible 
■until  men  are  out  of  mine.  Fans  should  not-  be  reversed  or  stopped  except  on 
order  from  general  mine  foreman,  superintendent,  or  manager. 

3.  All  engineers  must  be  thoroughly  familiar  with  giving  the  fire 
signal. 

4.  Each  shift  boss  must  have  a  sufficient  number  of  men  chosen,  inr- 
structed  regarding  the  available  exits  and  assigned  to  certain  portions  of 
his  run,  to  enable  him  to  get  the  men  assembled  as  quickly  as  possible. 

5.  Powdermen  and  carmen  must  .be  thorou^ly  instructed  regarding  fire 
signals  and  should  be  kept  informed  at  all  times  as  to  what  men  are  chosen 
to  make  the  assemblage  and  where  they  are  working.  Dated  lists  should  be 
kept  at  the  powder  houses  and  revised  at  least  once  each  month. 

6.  Any  one  discovering  fire  or  dense-  smoke  which  can  not  be  put  out  at 
once  must  immediately  notify  shift  boss  in  charge  of  run,  or  if  unable  to 
locate  him  at  once,  then  the  powderman  or  assembly  men  must  be  notified,  who 
will  appoint  some  one  to  go  to  A  shaft  and  ring  the  accident  call,  7  BELLS, 
on  the  call  bell,  followed  by  level  signal,  for  cage.  When  the  cage  arrives, 
he,  himself,  must  go  on  top  to  the  engine  room  and  notify  the  engineer  to 
give  the  fire  signal,  3-3-3,  on  electric-li^t  lines.  He  must  then  go 

to  the  time  office  and  notify  the  clerks  to  call  the  mine-rescue  station  and 
mine  officials. 

7.  The  mine  master  mechanic,  chief  electrician  and  general  mine  foreman 
shall  be  notified  immediately  to  send  to  all  hoisting  shafts  a  hoisting  engi¬ 
neer  and  cage  tender  to  get  the  men  out  of  the  mine,  and  an  electrician  to 
maintain  the  working  of  all  the  electrical  equipment.  All  men  assigned  to 
these  duties  must  remain  there  until  further  orders. 

8.  Shifters  being  notified  of  fire  must  have  his  powderman  and  assembly 
men  notify  all  men  to  gather  while  he,  himself,  determines  how  to  ■put  out  or 
control  the  fire.  If  there  is  any  doubt  as  to  the  safety  of  the  men  he  must 
proceed  to  get  the  men  out  at  once, 

9.  When  all  the  men  are  assembled  they  will  proceed  to  the  A  shaft  if 
possible,  or  if  it  is  not  possible  to  reach  the  A  shaft  without  danger,  they 
will  take  the  best  available  exit, 

10,  The  exit  signs  along  drifts  indicate  way  on  all  levels  from  A  shaft 
to  emergency  exits, 

11,  All  abandoned  drifts  must  be  marked  by  crossed  lagging  with  a 
CLOSED  sign. 
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12.  RBgardless  of  the  exit  used,  each  employee  must  call  for  his  check 
at  the  time  office  at.  A,  shaft  so  that  all  men  can  he  checked  out. 

13.  It  shall  he  the  duty  of  all  shift  bosses  to  see  that  these  rules 

are  compiled  with  at  all  times.  '  ■  •  . 

A  copy  of  the  examination  given  crews  trained  in  mine-rescue  work 
follows: 

*  •/*'’*.  * 

qUESTIOMAIRS  SDR  DISTRICT  BONUS  MINE-RESCUE  CES!7, 

GLOBR-Mmn  DISTRICT  MINE-RESCUE  AND  FIRST -AID  ASSOCIATION 

Assembly  of  Apparatus 

I  • 

Have  crew  raeraher  who  has  tested  his  apparatus  previously,  throw  apparatus  on 
his  hack,  couple  it  up  and  wear  under  oxygen  in  your  presence  for  5  minutes' 

The  order  for  nutting  apparatus  in  operation  is 

(1)  Throw  apparatus  on  hack  (after  goggles  are  on')  -  -  _ 

(2)  Put  mouthpiece  in  mouth  -  -  -  -  -  -  -  _  _  ^  _  _  _  _ _ ' 

I 

(3)  Turn  on  "regular”  valve  -  —  _ _ 

(4)  Put  on  nose  clip  -  - - _ _ - 

(5)  Pill  breathing  hag  2/3rds  full  using  hy-pass  valve  _ 

(6)  Ti^ten  side  straps  -  -  -  -  -  - - - -  - 

(7)  Read  gauge  -  -  -  -  _ _ 

Was  this  order  observed?  -  --  --  --  --  --  _ _ _ 

Examiner  will  please  note 

(8)  Are  goggles  right  side  up  and  is  elastic  ti^t 

enough?  - - - - ^ _ 

(9)  Is  harness  properly  arranged?  -----------  _ 

(lO)  Are  all  harness  straps  and  buckles  as  they  should  he?  _ _ _ 

Which  ones  wrong?  _ ' 
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(11)  Is  mouthpiece  '’aimed  properly''?  -  - 


■i." 


(1C) 

(13) 

(14) 

(15) 

(16) 


Is  apparatus  fully  and ’'propef ly  equipped? 
Nose  clip?  -  -  -  -  -ii;-  -  -  _  _  _  v. 


Mouth  piece  plug? 


Self  Rescuer?  -  ----------------- 

If  there  are  apparent  leaks  are  they  due  to:'--. 


(17) ' Loose  connections t-  1 

*  '  J  f; 

(18)  Lack  of  gaskets?  -  -  -  - 

(19) -  Throu^  nose?  -  - - - 


...  . ^  ■  '  ■  "  Apparatus 

(20)  Make?  -  Draeger 

(21)  Kind?  -  2  hour  ----------------- 

(22)  Type?  -  Positive-pressure  hy-pass,  fixed  feed  -  - 

(23)  Weight?  -  43  Ihs.  •  -  - - -  -  _  w'_"  - 

(24)  Wei^t  of  oxygen  cylinder?-  -  11  Ihs.  '  ^  - 

(25)  Size  of  oxygen  cylinder?  -  2  liters  -  -  -  -  -  - 

(26)  How  much  oxygen  is  in  2-hour  cylinder  when  filled  to 

150  atmospheres  pressure?  -  300  liters  -  -  -  -  - 

(27)  How  test  for  leaks?  -  (In  water)  capped  and  not 
..  capped  (valve  on  and  off)  -  - 


(28)  How- test  for  valve  tightness?  -  Capped  with  valve 
open  and  valve  closed  --------------- 

j 

(29)  Explain  "blow  off"  on  oxygen  cylinder;  -  Located  on 
valve  head  and  should  blow  off  at  3,000  lbs.  pressure 

per  sq.  in.  -  - - -  -  -  - - -  - - -  -  - 


(30)  What  is  an  atmosphere  in  pressure >per-sq.  in.?  14.7 
lbs.  at  sea  level  (about  13  lbs.  here)  ------- 

(31)  How  much  in  volume  is  a  liter?  -  1  I/8  quarts  (approx) 

»  . 

(32)  What  is  the  pressure  in  pounds  per  sq.  inch  in  full 
oxygen  cylinder?  -  Approximately  1,950  lbs.  -  -  - 
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(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 


What  part  of  apparatus  is  used  to  regulate  the  pressure 
while  in  operation?  -  Reducing  valve  -  - - - 

To  what  pressure  is  the  ho ttle- pres sure  reduced  for 
operation  &  wearing?  -  2.3  oz.  per  s^^.  in, - - - 

How  much  water  gauge?  -  10  centimeters  or  4  inches 

What  part  of  apparat-os  regulates  the  flow  of  oxygen?  '  - 
Reducing  valve - - - - - - 

How  much  oxygen  should  be  admitted  through  the  reducing 
valve  to  the  breathing  mixture  each  minute?  -  2^  liters 

What  part  of  the  apparatus  produces  the  circulation?  “ ' 
Injector - - - - - - - — - 


Where  located?  -  In  mixing  chamber  of  reducing  valve 

What  rate  of  flow  is  provided  per  minute  by  this  part? 
About  60  liters  per  minute  ------ 

How  measured?  -  By  liter  bag  ------------ 

What  two  kinds  of  regenerators  are  used? 

Cardoxide  and  Potash 

Describe  the  cardoxide  canister?  >  -  Copper  refillable  - 
Wei^t?  -  5|  lbs.  - . - ■ - 

,  .  .  't  'J  . .  * 

How  much  cardoxide  required  to  fill?  -  4  lbs,  - 

How  long  will  charge  serve?  -  3  hours  -  -  --ip  -  - 
Intermittent  or  continuous?  -  -Both 

Temperature?  -  Cool  - - 

Describe  potash  regenerator?  -  Not  refillable?  is  a'*  '  ‘ 
sealed  tin  canister  -  -  -  -  -  ■ —  -  -  — 

Weight?  -  4.2  lbs. - - - 

Contents  weight?  -  2.2  lbs,  -  . - -  -  - - - -  - 

Number  of  screened  shelves  -  26  - 

Shelf  area?  -  9^  sq.  feet  -  - 

r  ■ 

How  long  will  frosh  canister  serve?  -  2’ hours  -  -  - 
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(55)  Continuous  or  intermittent?  -  Continuous  only  -  -  - 

(56)  Temperature  while  using?  -  Gets  hot  -  --  --  --  - 

(57)  What  provision  is  made  for  cooling  the  air  that  becomes 
heated  in  the  regenerator?  -  Air  cooler  '------ 

Describe  the  breathing  bag 

(58)  Direction  of  flow  of  air  in  or.  out  of  each  hole?  -  -  - 

(a)  Fresh  air  enters  lower  opening  under  right  side  and ' 

leaves  upper  right  front  ------------ 

(b)  Exhaled  air  enters  uuoer  front  left  side  and  gpes 
out  left  lower  underside  ------------ 

(59)  Is  there  an  opening  between  the  two  sides  of  breathing 

beig?  -  Yes  - - - - - - -  -  —  - - 

(60)  Why?  -  To  furnish  air  to  4io  wearer  when  his  re^quire- 

ments  are  in  exce'ss  of  amount  available  in  fresh' air 
si  de  of  bag  -  --  --  -  - - - ---------- 

(61)  Is  there  a  release  valve?  -  Yes,  but  it  has  been 

blocked  as  it  releases  too  eaay  -  --  --  -; — 

(62)  How  do  yoii  Release  when  apparatus  is  too  full? 

Let  air  out  around  mouthpiece  while  squeezing  bag  -  - 

Describe  the  by-pass 

(63)  Location?  -  Angle  valve  on  oxygen  cylinder  -  -  -  - 

(64)  Action?  -  Admits  oxygen  throu^  by-pass  tube  to 

mixing  chamber - - - -  -  -  -  - - - 

(65)  When  used?  -  For  filling  apparatus  to  test  for  leaks 

(66)  For  filling  apparatus  to  start  wearing  -  -  -  —  -  - 

(67)  For  filling  apparatus  ai'ter  scrubbing  apparatus - ^ 

(68)  For  filling  apparatus  when  temporarily  short  on  air  - 

(69)  For  filling  apparatus  to  make  apparatus  usuable  ^en 
reducing  valve  has  failed  or'  apparatus  is  rendered 
out  of  order  while  wearing  -  —  ---------- 

(70)  Describe  scrubbing  of  apparatus  or  nitrogen  accumla- 
tion  -  --  --  --  --  --  --  --  --  --  --  --  -- 
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If  at  the  rnd  of  one  hour  the  appbi*atUs  is  full  of  air* 
the  breathing  bag  should  bb.sqxieezed  empty  and  the 
apnaratus  refilled  by  using  the  by-pass  -  -  -  — - 

(71)  Why  is  scrubbing  necessary?  -  The  oxygen  used  con¬ 

tains  as  hi^  as  2^  nitrogen.  .  This  nitrogen  can 
accumulate  until  at  the  end  of  one  hour  the  mixture 
of  air  in  apparatus  could  have  an  excess  of  nitrogen, 
which  is  occupying  space  needed  for  oxygen  - - -  _  _ 

(72)  Describe  the  dial  readings  on  pressure  gauge? 
Atmosphere  pressure  and  minutes  per  hour  ------ 

(73)  50  atmospheres  is  good  for  how  many  minutesJf-  40  min. 

(74)  100  "  .  .  »•  >•  .  n  '•  -  80  ” 


(75)  150  '•  »  ti  II  II  II  II  -120  '• 


Describe  the  mouthpiece 

(76)  Direction  of  intake  and  outgo?'  -  Right  to  left  1-  •«  -  ’ 

(77)  Valves  are  for  what  purpose?  "• 

To  control  the  direction  --------------  _ 

(78)  How  can  one  test  these  .valves  to  determine  if  flow  is 

in  proper  direction  while  wearing?  -  By  collapsing  e  ^ 

first  one  respiration  .tube  and  then  tha  other  -  _ 

What  is  the  direction  of  flow  of  air  in 

(79)  Right  side  of  breathing  bag?  -  Up  ---------  _ 

(80)  Left  side  of  breathing  bag?  ~  Down  -------  -  - 

(81)  Cooler?  -  Down  - - - - -  ■  ^ 

(82)  Regenerator?  Up  - - 

(83)  In  the  long  stiff  circulation  tube?  -  From  bottom  of 

cooler  to  breathing  bag  ---------------  _ 

(84)  In  short  stiff  circulation  tube?  From  breathing  bag 

to  mixing  chamber  -  -  -  - - - 

Is  the  composition  of  air  mixture '’’good”  or  "bad"  or 
all  oxygen  in  the  -  ■  • 

(85)  Cooler?  -  Good  (except  for  cooling)  - - - - 

-  32  - 
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(86)  Mixing  chamlDer?  -  Good  and  "bad  -  --  --  - 

(87)  Right  side  of  breathing  hag?  -  Good  -  -  -  -  -  - 

(88)  Left  side  of  breathing -hag?  Bad  -  -  -  -  - 

(89)  Does  "good"  and  "bad"  or  just  "bad"  air  enter  the^ 

regenerator?  Both  - - —  - - - r-‘,-  - 

Explain  4  tests  for 

(90)  Cardoxide  refillable  regenerator?  -  Freshness  of 
charge  which, you  made  yourself  or  by  cotton  and 
adhesive  tape  already  on  cartridge  opening  -  —  — 

(91)  For  leaks?  -  By  blowing  into  it  -  -  -  - 

(92)  For  stoppage?  -  By  blowing  through  it--  -  --- 

(93)  For  bent  or  damaged  ends?  - - - 

Explain  5  tests  for 

(94)  Potash  regenerator?  -  Freshness  by  seals  and  shying 
to  note  if  contents  are  granular  -  --  --  - 'L-'-- 

(95)  For' tightness  by  blowing  into  -----  1  -  - - -' 

(96)  For  stoppage  by  blowing  through  ----  -  L  -  -- 

(97)  For  bent  or  damaged  ends  -------------- 

(98)  Screens  too  close  to  ends  -------------- 

(99)  How  do  you  test  for  low  pressure  leaks  in  apparatus? 
Block  mouthpiece  with  one  hand  and  fill  apparatus, 
using  by-pass  valve.  If  leaks  are  present  the  bag 
will  wilt  noticeably  in  l5  seconds 

(100)  Why  should  you  listen  for  "hum"?  -  A  "good"  hum  will 
denote  a  proper  amount  of  air  and  oxygen  in  circular- 
tion 

(101)  How  do  you  test  for  high  pressure  leaks  and  where? 

With  spark  on  brass  parts  only.  Aro\md  oxygen  cylin¬ 
der  valves,  wrench  connection,  around  reducing  valve 
union,  around  to  pressure  gaxige.  on  reducing  valve 
blow  off  and  around  pressure  gavige  -  --  --  --  -- 


I.C.  6546 


(102)  What  are.  the  cleaning  and''stenilizing' requirements 'of 
apparatus  and  for  what  parts?  -  Rinse  -  soap  with 

.  "brush,,.. rinse  in  fresh  water/- 'then  in  lysol  solution, 

corrosive  sublimate  solution  and  then  in  potassinm 
permanganate  solution  and  hot 'water,  rinse  (live 
steam  if  available) 

Mouthpioce,  resoiration  tubes,'  breathing  bag  - 

•  '! . 

(103)  While  wearing  the  apparatus,  300  liters  of  oxygen  is 

added  to  the  contents  of  the  apparatus  from  the  oxy¬ 
gen  cylinder  during  the  two  hours  -  -  -  - - 

An  equal  volume  is  inhaled  and  exhaled  at  each  breath. 
What  becomes  of  this  extra '300  liters  in  volume?  - 

. The  oxygen  enters  the  lungs  as 'such  and  part  is  changed 

into  carbon  dioxide  yhich  is  exhaled  and  absorbed  by 
the  contents'  of  the  regenerator 

(104)  How  many  men  shall  compose'  a  crew?  '  -  Five  -  - - 

(105)  Is  it  permissible  for 'one  "man  to  return 'to  fresh  air  '  ■ 

alone?  -  Ho  - - —  -  - - 


Demonstrate  how  to  use 

■  '  i  r.  ■  •.  -r 

(106)  Water  gauge  on  apparatus  ---------  1 

(107)  Liter  bag  on  apparatus’  - - 

(108)  How  much  of  the  apparatus  has  a  negative  pressure 

while  in  operation?  -  From  left  side  of  mouth  piece 
through  lef b'  respiration  tube,  left  side  of  breathing 
bag  and  through  short  stiff  circulation  tube  to 
vacuum  chamber  -  -  -  -  -  -  -  -  -  -  -  -  - - 


■  Half-hour  Apparatus  '  ' 

(109)  For  what  purpose  is  half-hour  apparatus  used? 

For  exploration  or  errand  work  or  to  take  to  men 
to  use  who  have  to  be  brought  through  smoke, 
or  is  to  be  worn  at  time  of  Mine  Fire  by  those 
traveling  in  the  mine  who  might  encounter  smoke  - - 

(no)  Describe  apparatus  '  '  ' 

(111)  Is  good  for  half-hour  only  -  -  -  -  - -  ------ 

Isa  by-pass  type  apparatus  _  ^  -  -  -  -  -  — ^  _ 

(112)  How  worn  and  used?  -  Have  crew  member  put  it  in 

position  to  wear  and  show  how  to  operate  and  read 
gauge - - 
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(113)  Where  are  they  stored  at  applicant's  plant?  -  -  -  - 

(114)  Where  are  the  two  on  the  rescue  t3rack  stored? 

On  right  front  of,  top  d^ck .  - 

r',» 

(115) - How  full  i-s- the  oxygen  cylinder  filled? 

150  atmospheres  ------------  - 

(116)  Describe  regenerators?  -  Cardoxide,  Potash  -  -  -  - 


•  Oxygen  Pumps 

(117)  Are  the  thread  connections  a  standard  or  metric 
thread?  -  Metric  ---------------- 

(118)  How 'can' you  connect  the  large  oxygen  cylinder  which 

has  standards  threads  to  the  pump,  that  has  only 

metric  threads?  -  3y  using  an  "adaptor"  -  -  -  - 

(Have  crew  member,, pick  one  out,f,Eom  the  articles 

on  desk)  --J' - - - - 

*  »  , 

(119)  Why  use  three  large  cylinders  for  the  pump? 

To  enable  the  use  of  more  of  the  oxygen  from  each 
’  large  cylinder,  by  using  from 'the  low  cylindefis  in 
filling  "low"  bpttles - - - - 

(120)  Why  is  only  one  large  cylinder  opened  at  a  time? 

Because  the  large  cylinders  would  all  equalize  in 
pressure  if  all  three  were  opened  at  once  -  -  -  - 

(121)  How  can  you  tell  the  pressure  in  the  large  cylinders 

while  attached  to  pump?  -  By  opening  the  cylinder 
valve  and  reading  ppper  gage  -  --  -- 

(122)  How  can  you  tell  how  full  the  apparatus  bottle  is 

while  filling?  -  ^  reading  lower  gage  with 

apparatus  bottle  valve  open  ------------ 

(123)  What  is  used  for  lubricant?  -  glycerine  and  ^ 

water  -------------  -  -  -  -  - 

(124)  Why' not  use  oil?  Compressed  oxygen  with  oil  will 
cause  an  explosion  --  -  — 

(125)  Crew  member  will  bo  taken  to  pump  and  indicate  how 
he  would  fill  an  empty  apparatus  bottle  from  three 
cylinders  with  pressure  of  50  Atms,  90  Atms,  120  Atms. 
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(126)  Indicate  how  worn 


(127)  How  put  into  service  -  Test'  for  leaks  hy  placing 

hand  over  intalce  opening  at  "tot  tom  -  -  —  -  - 

( 128)  Note,  gage  on  air  indicator  -  -  - - ____ 

(129)  Remove  stopper  from  "bottom  of  caniatbl*  -  -  -  - 

(130)  Wnat  gases  will  it  protect  you  from? 

Carhon  moncrd.  _3  :d- '  ■  ■■'■'■ 

Anxaoi'la 

Illvm.Lnating  Gas  '  ~ 

Smoke  _  .  .  '  ■  ' 

Timhc'.’  gases  - - - - 

(131)  Weight?  -  5|  Ihs.  -  -  -  -  -  - - - 

(132)  How  lorg  will  it  serve?  -  For  two  hours  or  more, 

depending  on  how  much  gas  it  has  to  absorb  -  - 

(133)  Does  the  use  have  to  be  cc;.' tinuous?  -  No,  it  c^ 
be  wc'^r.  .'nterrr Ittently  for  one  year,  provided  it 
is  Irer.t  Htop.oc-.d  when  not  in  use  or  is  not  used  in 

-  j  ‘  f  • 

oxcesibivaiy  moist  air  ----------  -  - 

(134)  How  can  you  tell  when  the  canister  is  beginning  to 

fail?  -  By  its  'getting  noticeably  warm'  -  - - - 

(135)  Should  it  be  warm  when  the  oxygen  content  of  air 
is  very  low?  -  No  -  -  -  -  -  -  -  -  -d  _  _  —  _ 

(136)  How  low  does  the  Oxygen  content  of  air  in  a  metal 

mine  have  to  be  for  danger  in  wearing  .. 

gas  masks?  -  Oxygen'  too  low  for  a  candle  or  car¬ 
bide  lamp  to  bum  freely  -  -  - - -  -  -  -  -  -  g  • 

(137)  Should  crews  wearing  gas  masks  be  equipped  with 
flashlamps  only?  -h  ■’  Ho,  should' have  flashiamps 
and  carbide  lamps  or  lighted  candles  -  -  -  -  -  - 

(138)  Where  stored  oh’  rescue  truck?'  -  Six  with  extra 
canister  are  stored  in  long  cupboard  at  top  of 

left  sido  of  truck  at  rear  ^ 

Self-RcsCuers  (Carbon  Monoxide) 

— P-— —  •  ;  •.  . 

V  -»  •  ■ 

(139  How  carried  on  apparatus?  -  Snapped  to  right  side 
at  waistline  -------------  ------ 
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(140)  Kow  opened?  -  Tear-off  the  flat  side  that  snap  is 
fastened  to  ------  — 

(141)  What  gases  will  it  protect  the  wearer  from? 

Carton  monoxide 

Smoke  and  timber  gas  ------------ 

(142)  Weight  in  container?  -  28  oz.  -------  — 

(143)  Wei^t  as  used?  -  13  oz,-- - 

(144)  How  long  is  it  good  for?  -  For  half-hour  or  more, 
depending  on  how  much  gas(^  it  has  to  absorb  -  -  - 

(145)  Can  it  be  used  intermittently  or  must  it  be  used 

continuously?  -  Intermittently  for  days  if  kept 
in  dry  place  - - - - - - - —  - 

(146)  Does  it  furnish  wearer  any  oxygen?  -  Ho  -  —  - 

(147)  Should  it  be  worn  where  the  oxygen  content  of  air 

is  very  low?  -  Ho  -  - - - - - 

(148)  How  can  you  determine  in  a  metal  mine,  following  a 
mine  fire,  if  there  is  sufficient  oxygen  to  risk 
wearing  this  self-rcscuer?  By  candle  or  carbide 
lamp.  If  there  is  sufficient  oxygen  for  a  carbide 
lamp  or  candle  to  burn  freely  there  is  sufficient 
oxygon  to  support  life  -  --  --  --  -  -  —  - 

Fire  Extinguishers 

Soda  Acid 

(149)  How  used?  -  Turn  upside  down  and  shake  -  -  - - 

(150)  How  recharged? 

(a)  Bottle  in  holder  at  top  filled  up  to  mark 
with  sulphuric  acid. 

(b)  Lead  gravity  stopper  placed  in  bottle. 

(c)  Baking  soda  dissolved  in  water  in  tank 

up  to  mark  on  inside  -------  - 

(151)  How  many  soda-acid  extinguishers  on  rescue  truck? 

Six  ----------  -  -  -  - 

(152)  Where?  -  At  front  end  of  gangway  '----  -  - 

Pyrene  Fire  Extinguishers 

(153)  How  used?  -  Unlatch  and  pump  - - - 
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1.3.  Co4: 


(154)  How  refilled?  - 

pyreno  - - -  —  —  - - - - - - - 

(Three  l-cs-Hon  cans  of  pyrene  are  kept  on 
rescue  truck  at  front  end  of  gangway) 


Mine  Gases 

(155)  What  gases  following  a  metal  mine  fire  may  usually  he 

expected  other  than  oxygen  and  nitrogen  - - - 

Carton  dioxide 
Carton  monoxide 

Sulphur  dioxide  -  --------  -  — 

(156)  If  candle  will  not  horn  in  the  air,  what  condition 
of  air  is  indicated?  -  Oxygen  content  is  less  than 
164?5.  or  carton  dioxide  is  present  and  air  is  not 
fit  to  remain  in  without  apparatus  --------- 

(157)  How  can  carton  monoxide  te  tested  for  (two  ways)? 

By  using  canary  tirds.  If  canary  shows  marked  dis¬ 
tress  in  three  minutes  it  is  unsafe  to  remain  with¬ 
out  apparatus 

By  using  carton  monoxide  detector,  if  any  carton 
monoxide  is  detected  it  is  unsafe  to  remain  without 
apparatus  - - - - - - - - - - - 

(158)  How  much  carton  monoxide  will  cause  distress  to  a 

person?  -  0.05^  slight  poisoning  in  one  hour; 

0,12^,  30  minutes  tad,  one  hour  stagger,  two 
hours  violently  end  dangerously  sickj  0,20^, 

Very  dangerous - ___  — - —  -  — - - 

(159)  How  low  does  oxygen  content  of  air  need  te  to  cause 

distress?  -  13^  distress,  7^  fatal  ------ 

(160)  How  would  you  take  a  gas-  sample?  (two  methods) 

(a)  Iteutying  a  tottle  of  water  in  place 
air  is  to  te  sampled 

(t)  Using  vacuum  tottle  (demonstrate)  - - - 

(161)  Precautions? 

(a)  Get  all  of  water  out  of  tottle 
(t)  Stopuer  ti^tly 

(c)  Label  carefully  - - - - - 

(162)  Temperatures 

Have  crew  member  read  thermometer  held  in  heat 
register  -------  -  ____  —  ---- 

(163)  How  is  velocity  of  air  determined?  -  By  anejmoraeter 
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(164)  How  is  it  read?  ^  In  feet  per  minute  -  - 

(165)  How  is  volume  calculated?  -  ftrultipiying  area 
at  place  reading  was  taken  ty'the  velocity  per 

minute  - _____ - - 

(Have  crow  metnloer  read  anemometer) 

(166)  If  water  gage  was  required,  how  could  it  he  de¬ 
termined?  -  By  connecting  one  end  of  U  tube  to 
hole  in  stopping  and  reading  difference  in  height 

of  water  in  the  U  tube  -  -  - - - - - - 

(Have  crew  member  read  a  water  gage) 

(167)  How  much  air  would  an  entombed  man  require  each 

24  hours?  -  If  he  remains  at  rest  400  cubic  feet 
(l  cubic  foot  =  28,32  liters)  — 

(168)  If  he  works  some?  -  Laboring  some  he  would  re¬ 
quire  double  that  amount  or  800  cu.  ft,  -  -  - 

Wanting  at  the  rate  of  2  miles  per  hour  a  man 
needs  about  double  the  amount  of  air  required 
while  at  rest 

Walking  at  the  rate  of  4  miles’  peS  hour  a  man 
needs  about  4  times  the  amount  of  air  required 
while  at  rest. 

(169)  Demonstrate  how  to  use  monoxide  detector  t  -  -  - 

(170)  How  many  times  should  bulb  be  squeezed?  -  Ten  - 

(171)  Suppose  tube  showed  very  blue  at  first  squeeze? 
(High  CO  and  unsafe  to  remain  without  apparatus) 

Miscellaneous  Accessory  Equipment 

(172)  Telephone  .  _  . 

How  many  field  telepjaones  .have  we?  -  Three  .  -  - 

-■'■i:  ■  i 

How  much  wire  on  reels?  -  3,000  feet  ----- 

(173)  How  operated  to  call  and  talk?  -  Ring  by  turning 

crank  and  push  button  in  on  hand  piece  to  talk  and 
hear  (demonstrate).  - - - - 

^  / 

(174)  Can  one  phone  be  used  while  it  is  being  moved? 

Yes,  if  attached  to  '’contact"  reel  one  phone  can 
be  used  - - - - - - - - 
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Pipe  connections 

(175)  Cellar  nozzles. 

How  many  do  we  have?  -  Two - - _______ 

How  many  openings  on  each?  -  9?  .id  4  - - - - 

(176)  What  size  pipe  do  they  fit?  -  1  and  2^  inch  -  -  - 

Can  size  of  pipes  serving  them  vary?  Yes,  hy  using 
"bushings  or  reducers  -  - - - - - - - 

Geophone 

(177)  For  what  is  it  used?  -  To  hear  souiids  throu^  the 

ground  -  - - - - - - - - 

(178)  Can  direction  of  sound  "be  determined  "by  use  of 

geophone?  -  Yes  - - - - - - - - 

(179)  Where  stored  on  truck?  -  In  long  cup"board  at  top 

of  "body  at  rear  on  ri^t  side  -  - - -  -  —  -  -- 

(180)  What  is  the  pyrotannic  detector  used  for? 

To  determine  the  per  cent  of  carhon  monoxide  the 
"blood  has  a"bsor"bed  -  -  -  - - -  —  - 


(181)  Can  the  "blood  of  a  dead  person  "be  tested?  -  Yes 

(182)  What  electric  current  will  our  two  fans  operate  on? 

One,  llOV,  220V,  400V.  A.C. 

Other  220V.  D.C.  - 


(183)  What  gages  of  track  will  they  run  over? 

18,  24,  30,  and  36  inch  gage  - - -  — - - - - 

(184)  What  track  gage  will  serve  the  crew  mem"ber's  mine?  _ 

(185)  What  fan  will  serve  the  crew  mem"ber’s  mine? - -  - 

Old  Dominion.  The  D.C.  everywhere  (460  r.p.ra. ) 
and  the  A.C.  (330  r.p.m. )  on  18  station  and  the 
18  W.  and  2012  winzes, 

Arizona  Commercial  M.Co.  220  A.C.  (335  r.p.m.) 

Iron  Cap  C.Co.  (llO  A.C.  -  350  r.p.m.)  Lighting  circuit 
(440  A.C.  -  490  r.p.m.)  Shaft  and  station 
(110  A.C.  -  520  r.u.m. )  Surface 

Miami  Copper  Co.  220  D.C.  -  477  r.p.m. 

Inspiration  C.C.Co  440  A.C.  -  510  r.p.m. 
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(186)  Have  you  read  a  copy  of  the  instructions  in  case  of 

fire  at  your  mine?  -  --  —  - - - - - - - 

If  crew  memher  has  not*  furnish  him  with  copy  to 
read.  After  reading  credit  him  with  "Yes'*.  (The 
answer  to  this  must  he  "Yes.'* 

Precautions  around  Apparatus 

(1)  Be  careful  of  leaks  in  apparatus. 

(2)  Be  sure  of  full  cylinder  of  o:sygen. 

(3)  Be  sure  of  freshness  of  regenerator  charge. 

(4)  Keep  all  open  li^ts  ( carbide  lamps ,  etc.)  away  from  apparatus  while 
assembling  and  especially  while  wearing. 

(5)  Never  let  the  members  of  a  5-man  crew  become  separated. 

(6)  Always  use  life  line  even  thou^  air  is  clear  when  entering. 

(7)  Use  "blind"  man's  sticks  when  entering  heavy  smoke. 

(8)  Do  not  travel  in  places  except  where  agreed  upon  when  entering. 

(9)  Never  climb  uu  or  down  raises  without  orders  and  then  all  possible 
precautions  will  be  taken,  such  as  posting  a  reserve  crew  at  the 
entrance  to  the  raise  and  another  reserve  crew  at  fresh  air  base. 

(10)  When  the  by-pass  is  used  several  times  in  a  few  minutes  by  one  or 
more  members  of  the  party,  it  should  be  investigated,  if  nothing 
is  found  wrong  the  pace  should  be  reduced. 

(11)  No  crew  member  should  be  alone  on  a  cage  deck. 

(187)  How  many  of  the  above  s-’^ggested  precamtions  can  the  v 

crew  member  relate?  -----  —  -  . . .  . 
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(315)  PEKFECTIOMEMMTS  A  L '  DJSTRUTViElJT  TRANSPORTABLE  POUR 
LA  MESUEE  RAPIDE  DE  LA  GRAVITY 

(iMPROVmSNTS  MADE  ON  A  PORTABLE  INSTRUMENT  FOR  Q,UICE. MEASURE¬ 
MENT  OF  GRAVITY) 

By  F.  Holweck  and  P.  Lejay 

Comptes  rendus  de  I'Academie  des  Sciences,  Paris,  vol,  192, 

No.  18,  1931 ipp.  1116-1119 

The  principles  and  construction  of  an  instrument  for  quick  measurement  of 
gravity  were  explained  the  authors  in  a  previous  article  published  in  the 
Comptes  rendus  de  I’Academie  des  Sciences,  vol.  190,  No.  24,  I93O  (see  Geophys. 
Ahs,  No.  21,  p.  2), 

In  this  article  the  in5)rovements  made  on  the  instrument  are  described  and 
illustrated  by  a  schematical  drawing.  The  method  of  observation  has  also  been 
changed  considerably  by  abolishing  the  recording  and  replacing  it  by  direct 
stroboscopic  observation.  Fifteen  minutes  are  required  for  making  one  obser¬ 
vation.’ 

Measurements  of  gravity  were  carried  out  near  Dijon  in  order  to  test  the 
instrument,  and  it  was  established  that  the  new  model  was  ten  times  more 
accurate  than  the  old  one.  The  instrument  was  not  affected  by  being  trans¬ 
ported  in  an  automobile  for  more  than  2,000  kilometers  without  any  special 
protection. — W.  Ayvazoglou. 

(3I6)  GRAVITY  GRADIENT  AND  CURVATURE  _ 

By  Edith  A.  Nelson 

Philosophical  Magazine  No.  10,  Sept.,  I93O,  pp.  513-516 

A  survey  with  the  Eotvos  balance  shows  that  in  certain  instances  the  curva¬ 
ture  of  the  level  surface  changes  sign  when  the  gravity  gradient  is  a  maximuai, 
while  in  other  cases  this  does  not  hold.  Investigation  shows  that  there  is  no 
general  relation  between  the  quantities,  and  that  this  phenomenon  is  evidence 
of  stratification  in  that  region  of  the  earth's  crust,  the  edge  of  the  stratum 
being  situated  below  the  point  of  the  maximum  gradient. — ^Abstract  from  Science 
Abstracts,  vol.  3^1  No.  3^8,  1931*  p.  36. 


(31’7)  ms  geo  id 

(THE  GEO ID) 

By  F.  Ackerl 
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n  •  .  , 

Gerlands  Beitrage  zur  Geophysik,  Leipzig,  vol.  29,  No.  3/4,  1931,  pp.  273-335. 

In  this  article  Ackerl  considers  the  question  of  the  mathematical  figure 
of  the  earth  according  to  theories  advanced  hy  Hopfner  and  developed  hy  Bruns, 
as  he  thinks  it  desirable  to  give  numerical  calculations  of  the  theoretical 
results.  The  article  contains  the  following  items: 

A.  Theoretical  argumentations, 

B.  Observation  material, 

C.  Sources  of  reference, 

D.  Remarks  to  the  sources  of  reference, 

E.  Lines  of  equal  gravity. 

F.  Special  maps  of  G  lines. 

G.  World  map  of  lines  of  eq-ual  gravity, 

H.  Determination  of  the  apparent  level  spheroid. 

I.  The  world  map  with  the  lines  of  equal  apparent  gravity  anomalies. 

K.  Special  maps  of  apparent  gravity  anomalies. 

L.  The  presumable  va.lue  of  the  undiilat ions  of  the  geoid. 

M.  Conclusive  remarks, 

A  translation  of  the  author's  abstract  reads  as  follows: 

F,  Hopfner  proposed  a  hypothesis-free  method  of  determining  the 
shape  of  the  geoids.  This  method  requires  values  of  gravity  which  are 
derived  from  the  gravity  observed  according  to  well-founded  viewpoints 
established  in  pliysics.  All  values  of  gravity  published  till  July, 

1930  (as  far  as  they  were  known  by  the  author),  are  reduced  by  A. 

Prey's  method  to  correspond  with  the  sea  level  of  Vienna,  which  is 
taken  as  the  starting  point. 

By  using  these  gravity  values  a  world  map  is  drawn  in  which  the 
course  of  lines  of  eq^oal  gravity  is  shown.  The  constants  of  the 
apparent  level  spheroid  are  computed  by  a  preliminary  application  of 
the  summary  method.  The  calculated  anomalies  are  used  for  drawing  a 
world  map  in  which  the  lines  of  equal  apparent  gravity  anomalies  are 
represented.  From  the  amount  and  distribution  of  these  anomalies  a 
conclusion  as  to  the  amount  and  distribution  of  undulations  of  the 
geoid  with  regard  to  the  true  level  spheroid  can  be  drawn, — W.  Ayvazoglou. 
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(3I8)  MS  SCHWEREPEOPIL  DEE  TAUEEFMHE 
(THE  GE4VITY  PEOEILE  OF  THE  TAUERII  EA-ILROAE) 

By  Robert  Scbwinner 

Gerlands  Beitr^e  zur  Geopbysik,  Leipzig,  vol.  29,  No.  3/4,  I93I,  pp.  352-416. 

The  investigation  is  based  on  the  determination  of  gravity  made  in  1910- 
1912  along  the  Tauern  railroad  and  the  parallel  profile  Rauris-Sonnblick-Ober- 
Draubi^g,  and  especially  on  the  determinations  of  gravity  anomalies  Gq- — 
that  is,  on  the  observed  gravity,  reduced  to  sea  level  according  to  Bouguer's 
method,  less  the  normal  gravity  the  latter  being  assumed  according  to 
Eelmert’s  formula  of  1901.  In  the  first  place  the  question  of  the  density  of 
r^ocks ,  which  is  fundamental  to  all  gravimetric  problems,  is  discussed  in 
general  and  in  particular  with  respect  to  the  rocks  found  in  the  Tauern  profile; 
improvements  made  on  Bo\3guer's  reduction  formula  at  several  stations  resulted 
in  considerable  changes  of  the  final  values  of  anomalies  to  be  applied. 

The  problem  was  to  find,  by  investigation  based  on  geological  and 
geophysical  premises,  a  disposition  of  the  subterranean  disturbing  masses, 
such  that  the  gravity  anomalies  Gq-?^ resulting  from  the  reduction  of  the 
measurements  might  be  explained  by  their  attraction.  Owing  to  the  fact  that 
these  "measured  anomalies"  in  this  case,  as  well  as  in  the  Alps  in  general, 
are  all  negative  only  a  negative  disturbing  mass  was  to  be  Considered — that 
is,  rocks  which  had  a  lighter  specific  weight  than  the  surroundings  at  the 
same  level. 

Local  disturbances  were  caused  chiefly  by  the  Tauern  granite  (density  of 
the  disturbing  mass  ~  -  -0,15)  and  in  much  less  degree  by  the  calcareous 

phyllite  (^  =  -0.05)  of  which  only  its  accumulation  on  the  northern  slope 
was  taken  into  consideration.  For  the  granite  resulted  as  the  most  probable 
form,  that  of  a  horizontal  plate  or  a  flat  lens,  about  8  to  9  kilometers 
thick,  at  the  northern  border  of  which  a  vertical  root  or  a  dyke,  of  at  least 
5  kilometers  in  magnitude,  is  placed.  The  supposition  of  some  geologists  that 
the  granitic  masses  of  the  Tauern  are  dipping  at  their  southern  border  in  the 
forms  of  large  roots  or  dykes  does  not  agree  with  the  present  determinations 
of  gravity. 

The  regional  negative  gravity  in  the  Alpine  region  is  represented 
(according  to  Airy)  as  the  effect  of  a  "mass  deficiency"  caused  by  the  fact 
that  under  the  Alps  the  acid  rocks  of  the  outer  crust  (sial)  are  sinking, 
owing  to  their  weight,  lower  into  the  basic  substratum  (sima)  than  the 
neighboring  areas;  the  form  can  be  simplified  and  represented  as  a  rectangular 
Graben  in  the  sima  filled  with  sial  ( (^  =  2.8  -  3*1  =  -O.3)  descending  at  the 
southern  border  from  30  to  40  kilometers  and  at  the  northern  border  rising  in 
two  steps  from  40  to  and  from  35  to  kilometers  to  the  normal  depth  of 
the  sial-sima  bordering  plain  which,  according  to  seismic  data,  is  supposed 
to  be  30  kilometers  only.  These  three  steps  correspond  to  the  trend  line  of 


9977 


196  - 


I. C. 6547 


the  principal  faults  of  the  Alpine  structure;  the  line  of  tne  hrau,  of  one 
Salzach  and  the  "border  of  the  Alps;  it  is  supposed  that  the  two  former  are 
dipping  northward  and  the  latter  southward.  From  this  assumption  a  dis¬ 
turbance  of  gravity  is  computed  which  is  sufficiently  in  accordance  with  the 
anomalies  determined,  especially  because  for  the  smaller  variations 
(Sonnblick  northern  slope,  Bischofshofen-Hochkonig,  Hallein-Berchtesgaden) 
the  local  causes  of  disturbance  can  be  proved  as  resulting  from  geological 
conditions. 

Based  on  these  assumptions  on  the  disposition  of  masses  the  hydrostatic 
uplift  was  estimated,  corresponding  to  the  conception  resulting  from  Airy's 
hypothesis  that  the  floating  of  sial  is  similar  to  the  floating  of  pack  ice. 
Prevailing  of  weight  was  established  in  the  region  of  the  Drau;  prevailing  of 
uplift  was  found  at  the  northern  border  and  far  beyond  the  Solzach  and  pre¬ 
vailing  of  weight  again  in  the  country  of  Berchtesgaden.  This  corresponds  to 
the  fact  that  the  region  of  the  Drau  and  the  Carinthian  Lakes,  as  well  as  the 
region  of  Berchtesgaden,  are  proved  to  be  sinking  during  centuries,  while  the 
Tauern  and  the  region  to  the  north,  up  to  the  Eochkonig,  are  being  lifted  up. 

Geologically,  the  data  of  the  gravity  profile  and  the  supposed  masses 
seem  to  prove  that  in  this  region  vertical  movements  play  the  main  part  (in 
some  way  according  to  K.  Lehmann's  " Pingen- Theory " )  and  speak  against  the 
horizontal  dislocation,  the  latter  idea  being  recently  emphasized  too  much. 

In  conclusion  some  directive  line,;  for  the  continuation  of  the  gravity 
measurements  in  the,  Tauern  are  given. — Author's  abstract  translated  by 
W.  Ayvazoglou. 

(319)  Fill  BEI SPIEL  ZUR  EETWICKLUEG  DES  EAU1'£P0TENTIALS 

EACH  KUGELFUMTIONEN 

(AE  EXAMPLE  FOR  THE  RESOLUTION  OF  THE  SPACE-POTENTIAL 
ACCOPEING  TO  SPHERICAL  FUNCTIONS 

By  K.  Jung 

Gerlands  Beitr^e  zur  Geophysik,  Leipzig,  vol.  29,  No.  3/^,  1931»  PP* 

Using  a  simple  and  evident  enaraple  (a  homogeneous  oblate  ellipsoid  of 
revolution)  the  author  shows  that  the  resolution  of  the  spherical  functions  of 
the  external  space  potential  can  not  be  applied  inside  of  masses,  also  not 
near  the  surface  and  even  not  if  the  series  of  the  external  space  potential 
converges  in  one  part  of  the  mass  volume, — ^Author's  abstract  translated  by 
W.  Ayvazoglou, 
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2.  M4QIIETIC  RmODS 

(320)  KEPOET  ON  THE  MA.GNETIC  SUHVEIING  IN  THE  YEAHS  1924-1925 
OF  THE  M4C-NETITE  SCHISTS  IN  TEE  EEC-ION  OF  THE  KOLA.-FIOHD  AND 
ON  TBEIH  POSSIBLE  ECONOMIC  IlffORTAlTOE  (IN  RUSSIAN) 

By  A.  S.  Purtov 

Bulletin  of  the  Geological  and  Prospecting  Service,  Moscow,  U.S.S.R.,  vol.  49, 

No.  10,  1930.  pp.  45-72. 

The  article  consists  of  two  parts.  In  the  first  the  magnetometric  survey 
carried  out  in  1924-1925, is  described;  in  the  second  the  author  gives  an 
economic  estimation  of  the  reserves  of  magnetite  deposits  based  on  the  data 
obtained  from  this  survey. 

An  area  of  about  110  square  kilometers  was  covered  by  the  survey,  9,500 
observations  being  made.  Thalen-Tiberg's  magnetometer  was  used. 

The  main  results  obtained  by  the  survey  are  s\ammed  up  as  follows: 

1.  The  width  of  the  ore-bearing  conplez  was  determined  to  be  considerable. 

2.  The  distribution  of  the  separate  orebodies  in  the  complex  was 

found  to  be  scattered, 

3.  A  series  of  new  strong  anomalies  was  discovered. 

4.  The  strongest  anomalies  were  found  to  be  in  the  northern  part 

of  the  complex, 

5.  Finally,  indications  concerning  the  relations  between  the  different 

ore  types  and  the  intensity  of  the  anomalies  were  established. 

The  possible  total  reserves  of  all  the  largest  deposits  calculated  on 
the  basis  of  the  data  obtained  from  the  magnetic  survey  are  considered  to  be 
about  24  millions  tons. — W.  Ayvazoglou, 

(321)  RECOimiSSANCE  MAGIcfcriQUE  £N  SYRIE 

(MAGNETIC  INVESTIGATION  IN  SYRIA) 

By  Jean  Chevrier 

Comptes  Rendus  de  I'icademie  des  Sciences,  Paris,  vol,  192,  No,  16,  1931» 

pp.  977-978. 

The  purpose  of  this  investigation  was  to  determine  the  magnetic  element6 
(declination,  inclination,  intensity  of  the  horizontal  component)  in  the 
desert  regions.  The  observations  were  carried  out  by  a  theodolite  compass 
(Brunner-Chsisselon  model  No,  3)  and  an  inclination  needle  (Chasselon  model 
No.  1). 
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The  error  in  declination  may  be  considered  to  be  about  2  minutes  for  the 
most  unfavorable  conditions.  An  error  of  the  same  order  may  be  expected  for 
inclination.  The  error  in  determining  the  horizontal  component  has  proved  to 
be  very  small, 

A  comparison  of  val\ie3  obtained  during  this  investigation  in  Karyatein 
and  in  Palmyre  with  declinations  observed  by  the  Carnegie  expedition  in  1911 
in  the  same  places,  shows  a  secular  variation  of  6,5  toward  the  east. 

The  results  of  observations  are  given  in  a  table, — W.  Ayvazoglou. 

(322)  GEIIEBAL  PRINCIPLES  EOR  DETEEl^INING  TEE  EKTENSION  AND 
DEPTH  OP  AN  OEEBODY  HAVING  THE  SHAPE  OP  AN  OBLATE  ELLIPSOID 
OP  REVOLUTION  MAGNETIZED  PERPENDICULAR  TO  TEE  AXIS  OP 
REVOLUTION  (IN  RUSSIAN) 

By  N,  BoulgaJcov  and  A.  Jouravsky 

Bulletin  of  the  Geological  and  Prospecting  Service,  Leningrad,  U.S.S.R. , 

vol,  49,  No.  5,  1930,  pp.  6I-73, 

In  this  paper  the  authors  study  the  magnetic  field  of  an  orebody  having 
the  shape  of  an  oblate  ellipsoid  of  revolution  and  being  magnetized  in  the 
direction  perpendic^olar  to  the  axis  of  revolution.  Tables  are  computed  with 
the  aid  of  which  the  components  X,  Y,  and  Z  for  different  points  of  the 
field  may  be  easily  determined. — W.  Ayvazoglou. 

3.  SEISMIC  METHODS 
(323)  SHOCE  DISPERSION 
By  E.  Sezawa  and  G.  Nishimura 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol,  8,  No.  3>  193^* 

321-33’^- 

That  part  of  transmitted  wa.ves  dispersed  by  an  echoing  medi^mi  is  not  of 
regular  form,  while  the  oscillatory  part  of  ordinary  dispersed  waves  is  quite 
regular  and  has  gradually  varying  wave  length*  In  echoed  dispersion  the  lead¬ 
ing  part  is  distinct  and  has  large  amplitude.  In  ordinary  dispersion  both 
leading  and  trailing  parts  have  their  own  velocities  of  propagation.  A  por¬ 
tion  of  the  vibrations  of  echoing  dispersion  is  of  a  gra,dually  decaying  type, 
whilst  in  ordinary  dispersion  this  is  not  in  general  possible. — Author's 
abstract. 
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(324)  SEISMO&EAPHM  IM  DIMSTE  Dm  GLSTSCHEBI’OHSCHUITG 
(SEISMOGRAPHS  IR  TEE  SERVICE  OP  GL.4CISR  IRTESTIGATION) 

By  Hans  Mothes 

Porsdrangsn  and  Fortschritte,  Berlin,  vol,  6,  No.  28,  I23O,  pp'.  36>-365. 

The  imnortance  of  a  knowledge  of  the  thickness  of  glacier  ice  in 
geophysical,  prospecting,  as  well  as  .in  climatology  and  the  study  of  isostatic 
equilihrium  of  the  earth  crust,  was  the  cause  of  investigations  of  glaciers 
hy  means  of  geophysical  methods  which  have  "been  undertaken  since  1925, 

In  this  article  the  author  gives  a  description  of  his  first  practical 
work  on  glacier  investigations  carried  out  in  August,  1926,  in  Hintereisferner 
(Otztaler  Alps).  This  place  was  chosen  “because  it  had  alread;^^  been  exten¬ 
sively  studied  by  H.  Hess. 

Wiechert's  field  vertical  seismometer  was  used.  Seismograms  as  well  as 
travel-time  curves  are  given  in  figures.  Of  special  interest  are  curves 
showing  hyperbolic  form,  as  theoretically  they  represent  waves  reflected  in 
the  underground  d^'oring  their  path  from  the  point  of  explosion  to  the  point 
of  observation. •  Greater  distances  of  these  curves  from  the  abcissa  indicate 
greater  thickness  of  the  ice  stratum  and  vice  versa.  The  path  of  these  waves 
and  therefore  the  depth  of  the  reflection  underground  could  be  calculated  from 
the  travel  time  taken  from  the  seismograms;  of  course  their  velocity  was  to 
be  known.  This  velocity  has  been  established  to  be  J,,600  meters  per  second. 

The  correctness  of  data  obtained  by  seismic  method  of  investigation  was 
proved  by  borings  carried  out  by  Hess  and  others,  as  well  as  by  additional 
investigations  made  by  the  author  and  published  in  Zeitschrift  fur  Geophysik, 
vol.  6,  Nos.  3-4,  1929  (see  Geophys.  Abs.  No.  9,  p,  I3).  Similar  investiga¬ 
tions  were  made  by  the  author  in  August,  1929,  on  the  Pasterze  Glacier 
(Eastern  Alps)  and  were  published  in  Zeitschrift  fur  Geophysik,  vol,  6,  No,  8, 
1930  (see  Geophys.  Abs  .  No.  21,  p.  7). — W.  Ayvazoglou. 

(325)  USER  DIE  HERDTIEFE  DER  ERDBEBEN 
(ON  THE  DEPTH  OF  EARTHQUAKES'  FOCI) 

By  Gerhard  Krumbach 

Forschungen  und  Fortschritte,  Berlin,  vol.  6,  No.  J,2,  I93O,  pp.  419-420. 

Two  methods  for  the  determination  of  the  focus  of  an  earthquake  are 
pointed  out  by  the  author; 


9977 


200  - 


I. C. 6547 


1.  The  macroseismic  method  —  in  which  the  propagation  of  the  intensity 
of  a  qnake  on  the  srarface  of  the  earth  as  resulting  from  observed  shocks  and 
destructions  in  the  area  of  the  quake  is  studied  (determination  of  isoseismal 
lines) , 

2.  The  microseismic  method  —  in  which  the  records  of  seismic  instruments 
are  used  and  the  periods  of  time  of  propagation  of  definite  forms  of  seismic 
waves  are  studied  in  dependency  from  the  distance  of  the  focus;  that  is, 
travel-time  curves  are  drawn  (determination  of  isochronous  lines).  Both 
methods  are  discussed.  Zrumhach  concludes  that  although  a  series  of  in^jortant 
results  on  investigations  concerning  the  depth  of  the  foci  of  earthquakes  have 
already  been  obtained,  this  work  must  be  continued  in  order  to  get  valuable 
information  on  the  structural  changes  inside  of  the  earth  crust. — W,  Ayvazoglou. 

(326)  Oh  DEEP-FOCUS  EMlTEqUAXES 
By  R.  Stoneley 

Ger lands  Beitra^e  zur  Geophysik,  Leipzig,  vol.  29,  ho.  3/'^»  1931*  PP»  417-435. 

Professor  Turner  has  found  that  th:  foci  of  earthquakes  may  occasionally 
be  situated  as  low  as  0,09  of  the  earth’s  radius  below  normal;  that  is,  they 
may  occur  580  kilometers  below  the  surface. 

Allowance  for  the  known  errors  of  the  Zoppritz-IPurner  tables  would 
probably  reduce  these  depths  considerably. 

According  to  a  general  reciprocal  theorem  in  dynamics,  since  the 
amplitudes  of  surface  waves  fall  off  rapidly  at  great  depths,  the  surface 
waves  of  deep-focus  earthquakes  should  be  small  or  insensible.  Yet  the 
International  Seismological  Simimary  gives  L  and  M  readings  even  for  the 
deepest  foci  conten^lated. 

It  is  here  shown  that  in  some  of  the  deepest  focus  earthquakes,  the  re¬ 
corded  L  and  M  are  scarce  and  often  none::istent  at  great  distances.  The 
recorded  observations  mostly  refer  to  S,  SS,  SSS,  etc.,  or  else  to  Gutenberg's 
early  long  wave  G,  for  which  the  almost  complete  extinction  is  not  to  be  ex¬ 
pected,  as  the  period  is  very  long. 

The  actual  records  of  these  very  deep-seated  shocks  show  a  very 
conspicuous  P,  a  large  S,  SS,  and  further  disturbances,  and  no  L  or  M.  The 
amplitudes  of  the  general  disturbance  at  the  calculated  positions  of  L  and  M 
are  smaller,  often  much  smaller,  than  that  of  P. 

Finally,  a  tribute  must  be  paid  to  the  jpioneer  work  of  the  late  Professor 
Turner,  His  deep-focus  earthquakes,  even  if  not  of  such  great  depth  as  he 
thought,  have  at  any  rate  a  focus  in  some  cases  far  below  normal, — ^Author's 
abstract. 
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(327)  SEISMOMETRIC  STUDY  OF  THE  HECEHT  DESTEUCTIVE 

NORTH  mj  E4RTHQj[JME 

By  A.  Imaciura  ■  ' 

Bulletin  of  the  Earthquaiie  Research  Institute,  Tokyo,  vol.  9,  No.  1,  I93I, 

pp.  3^-49. 

In  tl  ig..  article  Imaaura  describes  seismometric  studies  carried  out  in 
connection  \7ith  the  earthquake  in  North  Idu  which  occurred  on  November  26, 
1930.  The  results  of  the  investigation  are  summed  up  as  follows: 

1.  Of  various  earthquake  phenomena,  the  outstanding  one  is  the  relation 
between  the  distributions  of  faults  and  seismic  intensities.  Of  the  number 
of  faults  that  appeared,  four  were  found  especially  noteworthy;  a  description 

of  them  is  given. 

*•  » 

2.  Another  characteristic  feature  was  observed  in  the  seismograms  ob¬ 
tained  at  Tokyo,  The  result  of  the  study  of  the  diagrams  is  given  in  a 
figure.  It  shows  the  time  of  the  commencement  and  of  the  duration  of  the 
tremors,  and  the  period  and  €unplitude  of  the  S  phase.  Further  analysis  shows 
that  the  earthqnake  consisted  of  ^ves.  which  may  be  regarded  as  having 
emerged  from  four  different  sources, 

3.  Another  interesting  feature  is  the  presence  of  vibrations  of  a 

period  of  some  10  seconds  from  the  very  beginning  to  the  last,  and  attaining 
after  30  seconds  from  the  commencement  a  double  amplitude  of  so  much  as  14,7 
centimeters — largest  amplitude  so  far  perfectly  recorded  with  instruments  in 
Japan.  These  long  waves  were  propagated  to  Tokyo  first  as  waves  of 
dilatational  type  and  then  as  those  of  distortional  type;  they  may  be  re¬ 
garded  as  caused  by  the  bodily  movement  of  the  crustal  block  constituting 
the  seismic  region.  ’  ' 

The  block  movement  thus  seems  to  have  started  somewhere  near  the  middle 
point  of  the  fault  system  and  passed  on  one  hand  quietly  over  the  meridional 
fault  toward  the  north  and  on  the  other  hand  toward  the  south,  sharp 

destructive  shocks  having  emerged  from  both  of  the  three  oblique  faults, - 

W.  Ayvazoglou, 

4.  ELECTRICAL  METHODS 

(328)  SALT  DOME  STUDIES  BY  GEOELECTRICAL  METHODS 

By  Karl  Sundberg 

The  Petroleum  Times,  Loqdon,  vol.  25,  No.  638,  1931t  p.  507. 

After  a  brief  explanation  of  Swedish  electromagnetic  method  for  st’ruc- 
tioral  studies,  Sundherg  concludes  that  geoelectric  methods  were  successful 
in  the  detailed  determinations  of  the  flank  conditions' of  salt  domes,  and 
especially  in  locating  faults  against  which  oil  might  accumulate,  discovered 
in  the  Gulf  Coast  region  by  geophysical,  chiefly  seismic,  methods. 
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Two  figures  representing  electromagnetic  investigations  across  salt- 
dome  structures  are  given. — W,  i^/azoglou, 

5.  RftDIQA.CTI7E  IvlETHODS 

(329)  ULTRA.-PEUETRA.TING  BAYS 
By  H.  Geiger 

Nature,  London,  vol.  127,  No,  3^12,  I93I,  pp.  785-787 

In  this  article  the  author  discusses  the  results  obtained  from  espieriments 
on  the  origin  and  nature  of  -radiation  carried  out  by  methods  improved  dur¬ 
ing  the  past  few  years  in  the  following  two  directions:  (1)  along  electro¬ 
metric  lines  by  the  registration  and  the  application  of  hi^-pressure  cliambers, 
and  (2)  by  the  method  of  electron  counting.  In  the  pressure  chamber  the  degree 
of  ionization  produced  in  the  gas  by  the  ultra  radiation  is  measured,  while  in 
the  tube  electron  counter  the  high-velocity  electrons  coupled  with  the  ultra 
radiation  are  registered  singly. — W.  Ayvazoglou, 

(330)  EINE  EINTACEB  METEODE  ZUR  AUTOMATISCKEN  REGISTEIERDNG 
VON  KOINZIDENZEN  IN  GEIGER-tIULLERSCM  ziHLRORSN 

(A  SIIIPLE  METHOD  FOR  AUTOMATIC  RECORDING  OF  COINCIDEtiCSS 
IN  GEIGSR-lilfLLER«S  TUBE  COUNTERS) 

By  J.  N,  Hummel 

Die  Naturwissenschaften,  Berlin,  vol.  19,  No,  18,  I93I,  pp.  '^75-^76, 

An  arrangement  by  which  two  tube  counters  are  electrically  connected  one 
with  another  in  order  to  obtain  direct  coincidence  measurements  is  described. 

Owing  to  this  arrangement  the  amplitude  of  the  deflection  of  the  electro¬ 
meter  is  considerably  increased. 

The  manner  of  connection  is  shown  in  a  figure. — W.  Ayvazoglou. 

(331)  STRAELUNG  VON  ANTEiRiEN  UNTER  DElvI  EINFLUSS  DER 

EEDBODEilEIGENSCEAFTEN 

(ANTENNAE  RADIATION  UNDER  THE  INFLUEITCE  OF  SOIL  PROPERTIES) 

By  M.  J.  0.  Strutt 

Annalen  der  Physik,  Leipzig,  vol,  9,  No,  1,  I93I,  pp.  67-91. 

In  the  first  two  sections  of  the  article  the  author  describes  the  arrange¬ 
ment  end  verification  of  a  tubular  sender  and  a  tubular  receiver  provided  with 
amplifier  and  a  tubular  voltmeter  for  1,42  meters  wave  length.  The  main  im¬ 
portance  was  laid  to  the  work  of  the  measurement  arrangement  ezclusively  by 
antennae,  avoiding  any  parasitic  radiation. 
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With  this  arrangement  the  electrical  soil  properties  were  measured  by 
using  1.4  meters  wave  length  according  to  a  new  method.  A  larger  value  of 
the  index  of  refraction  of  the  ground  was  obtained  tlian  that  which  results 
from  the  properties  of  the  same  soil  measured  at  about  15  meters,  'The  most 
probable  eamlanation  was  thought  to  be  the  fact  that  the  conductivity  of  the 
earth  for  very  short  waves  (about  1  meter)  increases  considerably  ■with  the 
decrease  of  the  length  of  the  wave.  .  . 

This  behavior  was  established  for  the  soil  consistirig  of  sand,  humus, 
clay,  and  grassland.  In  case  of  water  the  measured  inde::  of  refraction  agreed 
with  theoretical  expectation  (80  n  £  ). 

Measurements  concerning  the  direction  of  polarization  of  waves  emitted 
from  the  vertical  and  horizontal  antermae  had  also  sl^iown  a  great  index  of  re¬ 
fraction  of  the  earth.  The  theory  could  be  verified  by  measuring  radiation 
diagrams  in  a  vertical  plane; .  especially  the  theoretical  expectation  tliat  the 
received  field  strength  in  vertical  sending  antennae  increases  close  to  the 
ground  in  proportion  to  the  height  above  the  ground.  Tiiese  measurements  also 
had  shown  a  large  index  of  refraction  of  the  earth.  Fir.ally,  the  dependency 
of  the  strength  of  receiving  from  the  distance  between  the  sender  and  receiver 
was  measured  for  the  vertical  and  horizontal  sending  an^iemoae.  Here  the 
theoretical  expectation,  established  first  by  von  Eorschelman,  according  to 
which  the  distance  law  in  case  of  the  two  hinds  of  antennae  is  the  same,  was 
confirmed, — Author’s  abstract  translated  by  W,  Ayvazogloai, 

(333)2GEOLOGISCES  Dl'ID  GEOPHYgiKALISCHE  (EADICACTIVE)  UHTERSUCFJHGM 
A1&  WSSTEAHEE  DES  G^TTINGER  I^imilALGEABENS 

(GEOLOGICAL  AND  GEOPEI^ICAL  (FADIQACTIVE)  IN7E3TIGATI0HS  ON  TEE  WEST¬ 
ERN  BORDER  OF  THE  GOTTINGI2I  GEABEN  OF  TEE  VALLEY  OF  THE  LEINE) 

By  Valeriu  Patriciu 

Abhandliuagen  der  Preussischan  Geologischen  Landesanstalt,  Berlin,  No.  116, 

1930,  pp.  163-104. 

This  article  consists  of  tv/o  parts;  the  first  deals  with  the  geological 
and  the  second  with  the  geophysical  (radioactive)  investigation  of  the  region 
mentioned  in  the  title.  Only  the  second  part  is  considered  in  this  abstract. 

Contents  of  the  second  part:  . 

1,  Introduction.  A  brief  historic?i.l  outline  of  previous  works  on 
radioactive  methods  of  investigation  is  given. 

2.  Apparatus.  The  apparatus  used  was  that  constn.icted  by  R,  Ambronn 
(described  in  the  Pliysikalische  Zeitschrift,  1925,  pp.  444-446);  the  method 
described  in  Ambrcnn's  book,  Methoden  der  Angews,ndten  Geopb^/’sik,  has  been 
followed  in  general. 
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3.  Tl^*e  plan  of  the  work  and  the  measurement  procedure.  The  most 
practical  \7ay  of  carrying  out  the  work  is  described;  points  of  measurement  to 
he  selected  along  a  straight  line  were  fixed  at  about  8  meters  distance  one 
from  another,  the  distances  to  be  shortened  to  4  or  2  meters  only  after  ab¬ 
normal  distribution  of  emanation  is  observed.  Holes  of  3  centimeters  in 
diameter  and  80  to  100  centimeters  in  depth  for  inserting  probe  tubes  are 
bored.  The  radium  emanation  of  the  ground  is  pumped  into  the  ionization 
chamber.  The  reading  of  the  position  of  the  electrometer  string  is  made 
every  30  seconds. 

4.  Preliminary  tests  to  determine  errors  in  the  values  of  the  measure¬ 
ments.  The  sources  of  these  errors  were  eliminated  by  technical  means. 

5.  Measurements  for  revealing  the  structure  of  the  earth's  crust.  Plan 
of  investigation;  carrying  out  of  measurements  and  graphical  representation 
of  the  results;  the  results. 

6.  Limits  of  inaccuracy.  The  causes  as  well  as  the  order  of  the  errors 
were  examined,  and  their  influence  upon  the  final  results  was  established. 

7.  Concerning  the  reasons  of  higher  radioa.ctivity  in  tectonic  fissures. 
Explanations  are  given. 

In  conclusion  the  author  summarizes  the  results  of  geophysical  investiga¬ 
tion  as  follows: 

1.  The  possibility  of  the  application  of  the  radioactive  methods  as 
developed  by  Ambronn  for  the  explanation  of  tectonic  questions  in  the  regions 
of  Saxony's  disturbances  is  proved. 

2.  Material  for  the  examination  of  the  factors  on  which  the  success  of 
the  radioactive  measurements  depends  is  collected. 

Maps  of  the  region  under  investigation  and  a  table  with  curves  of  radio¬ 
activities  along  the  profiles  are  added. — W.  Ayvazoglou. 

(333)  APPARATUS  WITH  CLOSED  AIH  CUKEENT  POE  THE  DETEEMH^ATION 
OF  RADIOACTIVITY  OP  LARGE  MliJERALCGIC  COLLECTIONS  (IN  RUSSIAN) 

Sy  V.  Dubov  and  E.  Pogodaev 

Bulletin  of  the  Geological  and  Prospecting  Service,  Leningrad,  U.S.S.R.,  vol. 

49,  No.  9,  1930,  pp.  100-101. 

The  apparatus  described  in  this  article  is  an  improvement  of  a  similar 
apparatus  constructed  by  S.  Artsybyshew  and  V.  Pleshanova  (see  Gteophys.  Abs. 
No.  8,  1929,  p.  18).  Eie  size  of  the  metallic  chamber  in  which  the  box  con¬ 
taining  the  samples  to  be  investigated  is  placed  is  reduced  to  55  by  55  by  14 

centimeters.  The  central  part  of  the  cliamber  has  a  raising  of  the  form  of  a 

truncated  cone,  inside  of  which  a  ring-shaped  commutator  is  fixed.  Inside  of 

the  chamber,  at  1.5  centimeters  from  its  top  and  4  centimeters  from  its  walls. 
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a  cover  is  placed;  this  cover  is  provided  in  the  center  with  a  tube  11  centi¬ 
meters  in  diemeter  and  4  centimeters  in  height  in  which  a  propeller  is  inserted; 
the  propeller  is  put  in  rotation  by  means  of  an  electromotor. 

The  air  driven  by  the  propeller  from  the  ionization  chamber  passes  by  the 
commutator,  enters  in  the  upper  part  of  the  apparatus,  and  returns  again  into 
the  ionization  chamber. 

The  current  is  measured  by  an  electroscope  provided  with  a  reading  micro¬ 
scope.  Commutators  of  9  to  I3  centimeters  in  diameter  and  a  capacity  of  9,6  to 
10  centimeters  were  used.  Four  disks  coated  with  a  thin  layer  of  U^O0  were 
distributed  over  the  bottom  of  the  box  of  the  size,  52  by  52  by  6  centimeters. 

The  results  of  observations  are  given  in  a  table.  A  schematical  design 
of  the  apparatus  is  shown  in  a  figure. — W.  Ayvazoglou. 

6.  GEOTHEFddAL  ^lETHODS 

(334)  ZUSAI;IMMmAlJG,,ZWISCHM^^DER  GEOTHSRMISCHM  TIEFMSTUFE  UEE  ‘ 

DER  WAKMELEITFAHIGZEIT  DER  GESTEIl^ 

(RELATIONSHIP  BETWEEN  TEE  GEOTHERMAL  DEPTH  GFADIENT  AlID  THE 

HEAT  CONDUCTIVITY  OF  ROCKS) 

Ey  H.  Borger 

II 

Gluckauf,  Essen,  vol.  67,  No.  17,  I93I1  pp.  545-551. 

The  article  is  divided  into  two  chapters:  (1)  Investigation  of  the  in¬ 
fluence  of  the  heat  conductivity  of  rocks  upon  the  geothermal  gradient,  and 
(2)  heat-conductivity  of  various  rocks. 

From  the  investigations  on  the  relationship  between  the  heat  conductivity 
of  rocks  and  the  geothermal  gradient  the  author  draws  the  conclusion  tha-t  geo¬ 
thermal  gradients  have  different  values  in  different  rocks  deposited  in  layers 
and  that  their  ratio  depends  on  the  heat  conductivity  of  the  different  kinds 
of  rocks. 

The  numerical  value  of  the  geothermal  gradient  inside  of  a  certain  type 
of  rock  depends  not  only  on  its  capability  of  conducting  heat  but  also  on  the 
ratio  of  magnitude  of  rocks  overlying  one  another. 

The  author  gives  examples  showing  that  in  rocks,  the  geothermal  gradient 
of  which  is  high  owing  to  their  good  heat  conductivity,  the  temperature  may  be 
unusually  high  if  the  deposits  overlying  them  liave  a  lower  heat  conductivity. 
The  differences  in  heat  conductivity  of  single  types  of  rocks  are  sufficient 
for  the  explanation  of  the  unusually  h:'.;^  temperatures  often  observed  in  salt 
mines  and  coal  mines,  without  the  necessity  of  assuming  the  existence  of 
special  sources  of  heat. 

•  The  article  is  illustrated  by  fo-ur  figures. — W.  Ayvazoglou, 
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(335)  DEEP  GOLD  MINES  MB  GEOTHERlvIAL  GRADIENTS 
Editorial  note 

Engineering  and  Mining  Journal,  flew  York,  vol.  I3I,  No.  10,  I93I,  p.  447. 

Geotlierroal  gradients  as  established  in  some  deep  gold  mines  are  mentioned 
in  this  note.  The  data  may  he  of  interest;  they  are: 

1.  The  temperature  at  the  4,300-foot  depth  of  the  Kirkland  Lake  gold  mine 
in  Ontario  is  only  69'^  the  increment  being  about  1°  for  every  150  feet. 

2.  In  the  St.  John  del  Rey  property,  in  Brazil,  although  the  mine  is  at 
an  altitude  of  3»000  feet,  the  rock  temperature  at  current  working  depths  of 
below  7,100  feet  is  127°,  the  geothermal  gradient  being  about  1°  for  every 
140  feet. 

3.  At  the  Kennedy,  in  California,  the  geothermal  gradient  was  found  to  be 
153  feet  per  degree,  giving  a  rock  temperature  of  about  91°  on  the  4,950-foot 
level. — W.  Ayvazoglou, 


7.  imCIASSIEIED  METHODS 
(336)  APPLIED  GEOPHYSICS 
By  A.  Broughton  Edge 

Nature,  London,  vol.  127,  No.  3^12,  I93I,  pp.  783-785. 

In  this  article  the  author  gives  a  review  of  the  recently  published  book 
entitled  Applied  Geophysics:  A  Brief  Survey  of  the  Development  of  Apparatus 
and  Methods  Snployed  in  the  Investigation  of  Subterranean  Str^rctUral  Condi¬ 
tions  and  the  Location  of  Mineral  Deposits,  by  Capt.  H.  Shaw,  with  the 
assistance  of  J.  McG.  Buckshaw  and  S.  T.  Newing  (see  Geophys.  Abs.  No.  25). 

In  the  introduction  to  the  review  Edge  says: 

In  opening  to  the  public  a  geophysical  exhibition  and  in  pub¬ 
lishing  a  handbook  which  not  only  is  descriptive  of  the  exhibits 
but  also  constitutes  an  admirable  historical  resume  of  and  intro¬ 
duction  to  the  study  of  applied  geophysics,  the  Science  Museum, 

South  Kensington,  has  taken  an  important  step  in  promoting  the 
development  of  this  branch  of  science,  a  step  which  is  particularly 
appropriate  at  the  present  moment  in  view  of  the  growing  apprecia¬ 
tion  in  Great  Britain  of  the  practical  value  of  these  relatively 
new  methods  of  exploration. — W.  Ayvazoglou. 
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(33'?’)  AilTICLES  A2TMRIEG  IN  TEE  TEAiNS^CTIONS  OF  THE  AIIERIGAN 
GBOPEFSIGAL  UNION,  TWELFTH  ANNUAL  MEETING.  APHIL  3O,  AIID 
MAI.  1,  1931.  HELD  Ii'4  ^HINGTON,  D.  C. 

National  Hesearch  Conacil  of  the  National  Acadeity  of  Sciences,  Washington, 

D.C. ,  June,  I93I. 

The  present  volume  includes  the  transactions  of  the  tTrelfth  anmial,  .. 
assembly.  The  year’s  activities  of  the  Union  and  on  the  Stockholm  meeting 
and  on  proposed  geophi’'sical  work  in  polar  regions  and  resolutions  submitted 
by  the  several  sections  were  adopted.  The  individual  section  meetings  were 
marked  by  numerous  progress  reports  on  the  geophysical  activities  not  only 
in  the  United  States  but  also  in  Canada  and  Me;:lco, 

The  first  part  of  the  volume  (pp.  7-34)  deals  with  reports  and  papers 
presented  to  the  general  assembly.  The  contents  are  as  follows: 

1.  Resolutions  adopted:  On  gravity  at  sea;  on  internal  cooperatipn  in 
the  study  of  tidal  waves;  on  comparisons  of  new  types  of  seisuological  instru 
ments  developed  in  the  U.  S.  with  variotis  types  developed  in  Europe; 
commemorating  fiftieth  anniversary  of  General  Greely's  perticipation  in  the 
First  International  Polar  Year;  and  on  the  death  of  Franklin  G.  Tingley. 

8.  A  short  report  on  the  Stockholm  Assembly  and  on  proposed  geophysical 
work  in  polar  regions,  by  J.  A.  Fleming. 

3.  Symposium  on  time  signals:  (a)  United  States  Naval  Observatory  time- 
service,  by  J.  F.  Eellweg;  (b)  Time  sigixals  for  electrical  and  physical  mea¬ 
surements,.  by  Frank  Wenner;  (c)  Time  signal  needs  for  geodetic  work,  by 
Edwin  J.  Brown;  (d)  Letters  bearing  on  symposium  from  J.  B.  Macelwane,  Harry 
0.  Wood,  and  B.  Gutenberg;  (e)  Establishment  of  world -time,  by  F .  W.  Lee; 

(f)  The  service  available  from  the  standard-frequency  transmissions  of  the 
Bureau  of  Standards,  by  J.  E.  Dellinger;  (g)  The  accuracy  of  the  primary 
frequency  standard  of  the  Bureau  of  Standards,  by  Ciia.fles  G.  Mcllwraith;  a.nd 
(h)  Informal  communications  by  C.  W.  Horn,  E.  A.  Affel  and  W.  A.  Marrison. 

In  the  follo^ving  parts  of  the  volume  the  papers  presented  in  variot’s 
sections  are  discussed: 

The  Section  of  Geodesy  (pp.  35-58).  Gravity  work,  instn^mental  progress 
the  moon's  influence  on  latitude,  and  the  establishment  astronomically  of 
points  on  an  uiisurveyed  line  were  presented  in  the  follov;iiig  papers:  (a) 
Progress  report  on  the  absolute  determination  of  gravity  at  Washington,  D.C., 
by  Paul  R.  Heyl;  (b)  Mexican  gravity  stations  in  193O  and  first  calculations 
and  corrections  for  topography  and  isostasy,  by  Elfego  Ruiz;  (c)  Gravity  at 
the  Stocldiolm  meeting  of  the  International  Geodetic  a.nd  &eoph;’’sical  Union, 
by  Walter  D,  Lambert;  (d)  Progress  report  on  graduation  and  calibration  of 
precision-circles,  by  Lewis  V.  Judson;  (e)  Further  investigations  of  the 
moon's  influence  on  latitude,  by  E,  T.  Stetson;  (f)  The  establishment 
astronomically  of  poiiits  on  an  unsujveyed  provincial  boundary,  bj’’  Noel  J. 
Ogilvie;  and  (g)  Progress  in  geodetic  work  during  the  past  year,  by  William 
Bowie, 
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The  Section  of  Seismology  (pp.  59-78).  Attention  was  devoted  to 
theoretical  considerations,  relations  of  geodetic  operations  to  sei sinological 
interpretations,  registration  of  time  signals,  progress  reports  on  instru¬ 
mental  developments,  and  the  provision  ma.de  to  realize  the  Union’s  resolution 
at  its  eleventh  annual  assembly  to  establish  a  seismological  observatory  in 
South  America  (near  Huancayo,  Peru).  The  following  papers  were  presented  in 
connection  with  these  questions:  (a)  Velocity  of  explosion-generated  longi¬ 
tudinal  waves  in  a  nepheline  syenite,  by  L.  Don  Leet  and  Maurice  Ewing; 

(b)  Geodetic  work  lays  the  basis  for  study  of  earth  movements,  by  William 
Bowie;  (c)  Registration  of  the  time  signals  at  Georgetown,  by  F.  W,  Sohon; 

(d)  The  origin  of  earthquake  waves,  by  Harry  Reid;  (e)  Report  on  proposed 
establishment  of  a  seismological  observatory  at  Huancayo,  Peru  (read  by  the 
secretary);  (f)  Report  of  progress  on  accelerometer  for  recording  earthquake 
shocks,  by  G.  L.  Hosmer;  (g)  Progress  report  on  development  of  instinments, 
by  Frank  Wenner  and  McComb;  (h)  The  development  of  a  tilt-meter,  by  George 
E.  Merritt;  (i)  Progress  report  on  development  of  seismological  instruments, 
by  H.  E.  Comb;  (k)  Report  on  the  construction  of  a  3-d-rum  seismograph  re¬ 
corder,  by  W.  E.  Reynolds;  (l)  Observations  of  development  in  instruments  at 
the  Seismological  Research  Laboratory  in  Pasadena,  by  R.  H.  Keck;  and  (m) 
Memorandum  on  the  New  York  earthquake  of  April  20,  I93I,  by  Frank  Neumann, 

The  Section  of  Meteorology  (pp,  79-90).  Much  time  was  given  to  dis¬ 
cussion  of  the  international  polar  year  prospects,  followed  by  a  report  on 
the  Madrid  meeting  in  March,  I93I,  of  the  international  commission  for  the 
exploration  of  the  upper  air,  discussion  of  proposed  international  cloud 
atlas  and  papers  on  atmospheric  turbidity,  measurement  of  color  of  sea  and 
sky,  and  cyclical  variations  in  relation  to  long-range  weather  forecasting. 
Nine  papers  were  presented. 

Section  of  Terrestrial  Magnetism  and  Electricity  (pp.  91-144).  The 
papers  presented  to  this  section  were  given  in  four  groups  relating  to  (l) 
the  year's  investigations  in  progress  in  the  United  States;  (2)  the  Stockholm 
assembly,  (3)  extraterrestrial  considerations,  and  (4)  polar  research.  The 
list  of  the  papers  is  as  follows:  (a)  magnetic  work  of  the  United  States 
Coast  and  Geodetic  Survey,  I93O-3I,  by  D.  L,  Hazard;  (b)  Field  and  laboratory 
investigations  of  the  Carnegie  Institution  of  Washington,  by  J.  A.  Fleming; 

(c)  Recent  developments  in  radio- transmission  measurements,  by  G.  W.  Kenrick 
and  G,  W,  Pickard;  (d)  The  U.  R.  S.  I.  cosmic  radio  broadcast,  by  Watson 
Davis;  (e)  Reports  of  geomagnetic  and  electric  work  of  organizations  and 
individual  investigators  in  the  United  States,  1930-31»  by  Harlan  W.  Fisk; 

(f)  Reports  submitted  on  work  in  terrestrial  magnetism  and  atmospheric 
electricity  (fourteen  papers);  (g)  The  Stockholm  assembly  of  the  Inter¬ 
national  Union  of  Geodesy  and  Geophysics — Proceedings  of  the  section  of 
Terrestrial  Magnetism  and  Electricity,  by  H,  D.  Harradon;  (h)  Investiga¬ 
tions  at  the  Perkins  Observatory  of  changes  in  the  Kennel ly-Eeavi side  layer 
as  a  function  of  iTinar  altitudes,  by  H.  T,  Stetson;  (i)  Notes  on  correla^ 
tion  investigations  between  Kennelly-Heaviside  layer  and  lunar  altitudes, 

by  Greenleaf  W.  Pickard;  (k)  Use  of  magnetic  data  for  investigating  radia¬ 
tion  from  the  sun,  by  J,  Bartels;  (1)  The  electrical  state  of  the  sun,  by 
Ross  Gunn;  (m)  The  ultraviolet-light  theory  of  comet  activity,  by  H.  B. 

Maris;  (n)  Ma.gnetic  observations  on  a  moving  ice  floe,  by  W.  J.  Peters; 

(0)  Isomagnetic  charts  of  the  arctic  area,  by  Harlan  W,  Fisk;  (p)  Significance 
of  geoelectric  data  from  the  polar  regions,  by  0.  H,  Gish;  and  (q)  A  Fort 
Conger  polar  expedition  program,  by  H.  B.  Maris, 
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Tl'.e  Secbicxi  or-.Ocefvuo^-rap..’^, .  vpp,  .145-1,80). .  The  coianiiiiilcations  presented 
to  this  section  were  chiefly  progress  reports  showing  excellent  development 
of  oceanographical  work  in  the  United  States  by  governmental  and  private 
organizations  (11  papers). 

Section  of ■YolcanolOtyCpp.  131-186),  Five  papers  were  given  relating 
to  the  solubility  of  water  ■_ in  granite  magmas,  and  to  the  Merapi,  Zatmai 
district.  Cripple  Creek,  and  Talles  Mountain  volcanoes. 

Section  of  hydrolpgy  (pp,  187-^89).  The  meeting  of  this  section  was  de¬ 
voted  to  statements  of  the  formal  organisation  of  the  section  (14  papers  were 
presented)  .—W.  Ayva-zoglou,  ... 

(338)  EITTWICELUNG  UZD  S^AhP  DER  GEOPin'SIEmSGM  jDURCHFOHSCHUUG. 

.  .  ...  .DER  SUDSTAATSli,.VOE  U.  S.  A. /  • 

f 

(DEYELOPIiSUT  AI©  COmiTIOlI  OF  GEOPHYSICAL  .EXPLOPATIOE  OF  THE 
'SOUTHEBE  STATES  OF’ THE  U.  S,;  n.) 

• .  .  •  ,Ey  Rudolf  V.  Zwerger 

Petrole-'jm  Zeitschrift,  Berlin,  vol,  27,  Eo,  19,  1931^  PP«  33^3^’^* 

The  author  divides  the  southern  States,  the  development  and  conditions 
of  geophysical  exploration  of  which  is  discussed  in  this  article,  into  four 
large  regions:  ^  , 

1.  The  Gulf  embayment. 

2.  Bend  Arch  and  Balcones  fault  zone. 

3.  Permian  Basin  pf  west  Te^s  and;E6w  Mexico, 

4.  The  Amari  11  o-Ui chi ta-Ar buckle  mountains  with  the  bordering 

parts  of  north  Texas  and  south  Oklahoma.  ,  ' 

The  use  of  various  geophysical  methods  with. respect  to  these  regions 
is  discus^sed.  The  difference,  in  geological  conditions  and  their  effect  upon 
the  development  of  geophysical  work  during  the  last  years  is  mentioned. 

In  conclusion,  the  author  gives  a  prospect  on  the  future  possibilities 
of  geophysical  exploration  in  the  southern  States. — W,  Ayvazoglou. 
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(339)  PP^GEis.  -DE  LA.  GEOPBYSiqUE  APFLIQuis 
(PROGEESS  OF  JiPPLIED  GEOPHYSICS) 

Ey  J.  E.  Ostenneier-Althegnenterg 

La  Revue  Petrolifere,  Paris,  Nos,  425,  426,  427,  IS3I.  PP»  655-659,  685-688, 

and  717-720. 

The  original  article  was  puLlisiied  "by  the  author  in  the  Internationale 
Zeitschrift  fur  Tiefbohrtechnik,  Erdolherghau  und  Geologie,  vol,  32*  1930* 

The  article  appearing  in  the  Revue  Petrolifere  is  a  translation  made  hy 
Pierre  Pelecier. 

Magnetic,  gravimetric,  seismic,  and  electrical  methods  of  prospecting 
are  discussed  and  illustrated  hy  examples;  figures  and  diagrams  are  added. 

In  the  last  part  of  the  article  the  author  gives  a  description  of  iir5)rove- 
ments  made  hy  him  on  the  field  balance  (Askania)  in  order  to  increase  the 
precision  and  rapidity  in  measurements  of  the  vertical  terrestrial  magnetic 
intensity.  The  problem  of  lessening  the  influence  of  the  ground  hy  elevating 
the  instrument  is  partly  solved  hy  providing  the  instrument  with  a  horizontal 
instead  of  a.  vertical  visual  apparatus;  some  other  improvements  are  described, 
especially  those  concerning  the  influence  of  variations  of  temperature.  The 
time  necessary  for  one  observation  was  reduced  to  about  7  minutes,  as  com¬ 
pared  with  15  to  20  minutes  required  by  the  instruments  used  so  far, — 

W.  Ayvazoglou, 

(340)  GEOPHYSICAL  INVESTIGATIONS  CARRIED  OUT  IN  TEE  SALT- 
DOME  AREAS  OF  THE  GULF  COAST  OF  TEXAS  AND  LOUISIANA 

By  Carl  Schmidt. 

The  Petroleum  Times,  London,  vol,  25,  No.  638,  I93I.  pp.  508-509. 

Some  of  the  results  which  had  been  derived  from  the  use  of  seismic  methods, 
either  alone  or  in  conjunction  with  the  gravimetric  method,  in  the  salt-dome 
areas  of  the  Gulf  Coast  of  Texas  and  Louisiana  since  1924  are  described  and 
the  most  important  discoveries  mentioned.  Schmidt  concludes  that  the  exten¬ 
sive  use  of  seismic  method,  as  well  as  other  geophysical  methods  of  investi¬ 
gation,  had  resulted  in  the  finding  and  exploitation  of  oil  fields  of  enormous 
value,  enabled  oil  companies  to  avoid  the  expenditure  of  vast  sums  of  money 
in  fruitless  drilling,  and  had  made  it  possible  for  operators  to  plan 
successful  and  economical  drilling  can^^aigns  for  many  years  ahead, — W. 
Ayvazoglou, 
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(341)  THE  PROOIIESS  OE  GEOPHYSICS 
Editorial  note 

The  Petroleum  Times,  London,  vol.  25,  Ho,  638,  193lt  P*  510. 

This  article  refers  to  the  eshihition  at  the  Science  Museum  in  London 
of  apparatus  and  equipment  used  in  geophysics. 

Many  types  of  instruments  now  in  use  for  geophysical  prospecting  hy 
.magnetic,  gravitational,  and  seismic  methods  are  represented.  A  special 
brochure  to  assist  students  to  get  maximum  value  from  a  study  of  the  exhibits 
has  also  been  prepared. — W,  Ayvazoglou. 

(342)  SEARCHING  FOR  MINERALS  WITH  SCIEITIIFIC  INSTRUMENTS 

By  E.  Lancaster- Jones 

Journal  of  Scientific  Instruments,  London,  vol.  8,  No.  2,  I83I*  PP«  34-44. 

A  series  of  physical  instruments  recognized  as  valuable  aids  in  the 
search  both  for  mineral  deposits  directly,  and  for  stiu.ctural  features  which 
may  be  favorable  to  mineral  accumulation  is  described. 

Tl:e  instruiaents  are  divided  into  four  main  groups,  characterized  as 
gravitational,  magnetic,  seismic,  and  electrical,  in  relation  to  the 
particular  pl:iysical  magnitudes  of  which  each  group  serves  to  measure  the 
variation. 

1.  Gravity  method.  The  Eotvos  torsion  balance,  the  balance  improved  by 
L.  firtling,  and  that  improved  by  the  author  and  Captain  Shaw  (manufactured  by 
the  Cambridge  Instrument  Co,,  Ltd.)  are  described  and  photographs  of  them 
are  given. 

2.  Magnetic  method.  Dip  needle  devised  by  Lloyd,  Schmidt’s  portable 
vertical  variometer,  and  a  portable  horizontal  variometer  devised  by  Walker 
are  mentioned. 

3.  Seismic  method.  Mechanisms  for  amplifying  a  vibration  are  expli^-ined 
and  the  question  as  to  how  this  t;qpe  of  apparatus  can  be  used  in  prospecting 
is  considered,  A  seismograph  manufactured  by  the  Cambridge  Instrument  Co. 
is  demonstrated. 

4.  Electrical  method.  Three  methods  (potential,  resistivity,  and 
electromagnetic)  are  discussed,  and  the  apparatus  used  is  explained, — 

W.  Ayvazoglou. 
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8.  GEOLOGY 

(343)  THE  SALT-DOME  AHEA  WEST  OE  CELLE,  GERMAIN 

By  Carl  Schiaidt 

The  Petroleum  Times,  London,  vol.  25,  Ho.  638,  I93I,  p.  503, 

Notwithstanding  the  numerous  horeholes  that  had  been  sunk,  very  little 
was  known  about  the  actual  size  and  shape  of  the  two  salt  domes  (Wietze  and 
Hambuhren)  of  the  north  German  plain.  The  questions  whether  these  domes  were 
separated  from  each  other  or  whether  there  was  a  connection  between  them  had 
not  been  determined.  In  order  to  decide  this  question  seismographical  inves¬ 
tigations  were  carried  out.  The  question  for  determining  the  actual  size  and 
siiape  of  the  domes  had  been  solved  by  seismic,  as  well  as  gravimetric, 
investigations . 

These  investigations  carried- out  in  the  area  of  Wietze-Hambuhren-Wittbeck- 
Wolthausen-Meis sender f  revealed  une:iq)ected  and  very  important  geological  con¬ 
ditions,  It  was  determined  that: 

1,  Instead  of  there  being  two  domes  there  was  in  fact  only  one  large 

dome, 

2,  That  part  of  the  dome  around  Hambuhren  was  much  larger  and  had  an  en¬ 
tirely  different  shape  than  was  anticipated, 

3,  In  the  direction  of  the  south  southwest-north  northeast  prolongation 
of  the  Hambuhren  dome  there  was  another  salt  upthrust, 

4,  The  dome  of  Meissendorf  at  its  southern  part  had  an  elongation  toward 
the  southeast  in  the  east  southeast-west  northwest  direction. 

The  results  of  geophysical  investigations  also  confirmed  the  importance 
of  the  two  tectonic  lines  of  dislocatiion,  in  directions  mentioned  in  3  ^nd  4, 
in  the  underground  structures  of  the  north  German  plain,  and  showed  that  the 
occurrence  of  salt  upthrusts  was  connected  vath  such  lines  of  tectonic  dis¬ 
location,  especially  with  the  intersections  of  the  predominant  gtriking 
directions. — W,  A;,urazoglou. 
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9.  M  BOOKS 

(344)  Edge,  A.  B.  Broughton,  and  Lah^,  T.  H.  Principles  and  practice  of 
geophysical  prospecting.  Edited  hy  Edge  and  Laby.  Pp.  XIV  +  38O, 

With  261  illustrations  in  the  text.  Price,  15  s.  net.  Cambridge 
University  Press,  London,  Better  Lane,  E.  C.  4;  Ueu  York,  Toronto, 
Bombay,  Calcutta,  Madras.  MacMillan,  I93I.  A  report  of  the  Imperial 
Geophysical  Experimental  survey. 

(345)  Emmons,  William  Harvey,  Geology  of  petroleum.  736  pages,  435  illus¬ 
trations.  McGraw-Hill  Book  Co,,  1931»  Uew  York  City.  Price,  $6.  The 
work  may  be  broadly  divided  into  two  sections.  One  of  these  deals  with 
the  general  principles  of  oil  geology.  The  second  section  describes 
the  features  of  the  main  oil  fields  of  the  world,  and  gives  innumerable 
references.  The  book  is  profusely  illustrated, 

(346)  Kaiser,  August.  Beitrage  zur  Physikalischen  Erforschung  der  Erdrinde, 

^  Heft  2:  Magnetische  Messungen  in  Nordwestdeutschland,  (Report  on 

physical  research  in  the  earth  crust.  Part  2:  Magnetic  measurements 
in  northwest  Germany.)  50  pages,  3  tables,  5  figores.  Issued  by  the 
Preussische  Geologische  Landesanstalt,  Berlin,  I93O,  Price,  R.M.  7.50. 

10.  PATEI^^TS 

(347)  GRaVITATIOHAL  BAIAhCE 
K.  D.  Sabaneev 

Russian  patent  14,274  Patent  issued  March  yi,  19 3O. 

The  gravitational  balance  described  in  this  patent  is  put  under  a  bell 
from  which  the  air  can  be  partly  exhausted;  a  special  arrangement  for  read¬ 
ing  is  made  and  a  polished  ball,  serving  as  an  artificial  illuminating  point, 
is  used  for  photographic  recording  of  the  indications  of  the  balance. 

Claims  allowed  -  3. 

(348)  SEISMOGRAPH 

G.  M.  Polonsky  and  V.  G.  Leshchinsky 

Russian  patent  15,527  Patent  issued  May  3I,  I93O. 

,  The  construction  of  the  seismograph  disclosed  in  this  patent  is 
chara-cterized  by  the  application  of  a  Rochelle  salt  plate  secured  in  an  iso¬ 
lated  holder  and  connected  by  one  end  with  the  net  of  an  amplifying  lamp  and 
by  the  other  end  with  the  ground  and  one  pole  of  the  battery  producing  the 
glowing  of  the  lamp,  in  the  anode  circuit  of  which  an  electric  recording 
apparatus  is  inserted. 

Claims  allowed  -  1. 
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(349)  APPAS4TUS  FOR  TESTIN&  THE  RADIOACTIVITY  OE  ROCES 
■  '  •  ■  .  M.  J.  Smngin 

Russian  patent  16,787  Patent  issued  Sept,  3O,  193O. 

The  apparatus  described  in  this  patent  and  assigned  for<  testing  the 
radioactivity  of  rocks  consists  of  a  hollow  cylinder  in  the  lower  end  of  which 
a  movable  bottom  of  the  form  of  a  truncated  cone,  turned  with  its  top  downward, 
is  inserted;  the  walls  of  this  cone  are  covered  with  a  thin  layer  of  zinc 
sulphide  Or  platinocyanide  barium;  the  bottom  has  an  opening  in  which  a  plate 
assigned  for  carrying  the  sample  of  the  rock  to  be  investigated  is  inserted; 
the  upper  end  of-  the  cylinder  has  a  cover  provided  with  a  microscope  serving 
for  observation. 

Claims  allowed  -  1. 


(350)  JiETHOD  OF  CORTOURIRG  ORE  DEPOSITS 
L.  N.  Bogoiavlensky 

Russian  patent  12,953  Patent  issued  Jan,  31» 

The  method  of  contouring  ore  deposits  disclosed  in  this  patent  is 
characterized  by  the  following  proceeding;  At  the  points  of  a  net  plotted  on 
the  terrane,  the  "half  value  period"  of  the  decay  of  any  radioactive  matter 
is  determined,  then  the  points  with  equal  values  of  these  points  are  connected 
by  curves;  based  on  the  form  of  the  curves  Ijaving  equal  "half  value  periods" 
of  the 'decay,  the  contour  of  the  ore  deposit  by  which  the  change  of  the  half 
value  period  of  the  decay  is  caused  is  drawn  on  a  plane. 

Claims  allowed  -  1, 

(351)  IIETECD  CE  FROSPECTHTC  FOR  ORE 
A,  C,  Tarkiiov 


Russian  patent  17,515  Patent  issued  Sept,  30»  193*^ • 

The  method  described  in  this  patent  in  which  heterodine  is  used,  based  on 
its  property  of  changing  one  of  its  contours  under  the  influence  of  ore  de¬ 
posits,  is  characterized  by  an  arrangement  such  that  the  antenna  connected  with 
one  of  the  contours  of  the  heterodine  is  placed  inside  of  a  metallic  screen, 
the  latter  being  provided  with  a  slot.  In  adjusting  the  apparatus  the  slot 
is  covered  with  a  metallic  plate.  The  screen  can  be  rotated  by  means  of  a  de¬ 
vice  operated  by  hand.  After  the  adjustment  of  the  apparatus  for  the  investi¬ 
gation  of  the  ground  (disappearing  of  sound  in  the  telephone)  the  slot  is 
opened  and  the  screen  rotated.  Tlie  appearance  of  a  sound  in  the  telephone 
shows  that  in  the  direction  of  the  slot  there  is  an  ore  deposit. 

Claims  allowed  -  2, 
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3  The  first  figure  refers  to  the  number  of  the  abstract,  the  second  to  the 
method  of  prospecting  as  indicated  in  the  table  of  contents,  and  the 
third  to  the  page. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


LIST  OF  MOTORS  AVAILABLE  TO  PROSPECTIVE 
BUILDERS  OF  PERMISSIBLE  OUTFITS^ 

By  L.  C.  Ilsley^  and  M.  W.  Means® 

The  United  States  Bureau  of  Mines  under  provisions  of  Schedule  2C'*  issues  appr;vals 
covering  complete  operating  units  such  as  loading  machines,  room  hoists,  and  storage-battery 
locomotives.  Certain  manufacturers  design  and  build  entire  machines.  Other  manufacturers 
purchase  a  part  or  all  of  the  electrical  accessories  from  manufacturers  of  electrical  e^^uip- 
ment  and  assemble  them,  thereby  making  up  a  permissible  unit. 

Before  the  assembler  purchases  electrical  accessories  for  use  in  such  contempla ..ed  units 
he  may  require  certain  information  from  the  accessory  manufacturer  as  to  whether  these  par¬ 
ticular  accessories  are  suitable  for  assembly  in  his  prop.osed  permissible  outfit.  In  order 
to  aid  accessory  manufacturers  in  marketing  their  product,  a  provision  was  incorporated  in 
Schedule  2C  whereby  tests  might  be  made  on  individual  accessories  and  reports  rendered  as  to 
the  suitability  of  a  given  accessory  for  use  in  permissible  assemblies. 

The  section  of  Schedule  2C  which  permits  this  special  work  reads  as  follows: 

CONDITIONS  UNDER  WHICH  SEPARATE  PARTS  WILL  EE 
INVESTIGATED  AS  TO  SUITABILITY  FOR 
INCORPORATION  ON  PERMISSIBLE 
MACHINES 

Manufacturers  having  a  motor,  controller  or  other  separate  electrical  units 
which  they  wish  to  offer  to  a  prospective  builder  of  a  permissible  machine  may 
submit  such  units  for  inspection  and  test  and  obtain  a  report  on  the  results  from 
the  bureau.  (See  Inspection  and  Test  Reports,  page  23)  . 

Application 


A  letter  accompanied  by  appropriate  fees  and  requesting  an  investigation  in¬ 
to  the  qualifications  of  the  unit  for  incorporation  in  permissible  machines, 
should  be  addressed  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. 

Inspections  and  Tests 

The  procedure  followed  by  the  bureau  in  making  inspections  and  tests  of 
units  to  determine  their  suitability  is  identical  with  that  followed  for  parts  of 
permissible  equipment  as  previously  outlined  in  this  schedule.  The  fees,  draw¬ 
ings,  and  other  details  to  be  taken  care  of  by  the  manufacture  are  likewise  the 
same  for  separate  units  as  for  parts  of  complete  machines  submitted  for  approval. 


1  -  The  Bureau  of  Ulaes  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 

"Reprinted  from  U.  S.  Bureau  of  Mines  Inforaation  Circular  6543." 

2  -  Supervising  engineer,  U.  S.  Bureau  of  Mines,  electrical  section,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 

3  -  Assistant  electrical  engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 

4  -  U.  S.  Bureau  of  Mines,  Explosion-Proof  Mine  Equipment:  Schedule  2C,  February,  1930,  27  pp. 
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Report  on  Suitability 


When  a  separate  unit  has  passed  the  required  inspections  and  tests  and  suit¬ 
able  drawings  have  been  filed  with  the  bureau  a  formal  letter  of  notification 
that  the  unit  has  the  necessary  qualifications  will  be  furnished  the  manufacturer 
from  the  Washington  office  of  the  bureau.  This  letter  will  authorize  the  manu¬ 
facturer  to  offer  such  separate  unit  to  a  builder  of  permissible  machines  with 
the  assurance  that,  unless  modified  further,  inspection  and  test  of  the  unit  will 
not  be  required  by  the  bureau.  The  use  of  the  bureau's  name  on  any  label  or 
plate  attached  to  the  separate  unit,  or  advertising  the  unit  as  "approved,"  will 
not  be  sanctioned. 

t^te:  It  should  be  understood  that  a  Bureau  of  Mines  approval  covers  com¬ 
plete  machines  only,  and  therefore  approval  of  machines  in  which  separate  units 
are  installed  can  not  properly  be  claimed  by  the  assembler  or  builder  without 
first  obtaining  formal  authorization  from  the  bureau. 

Motors  that  have  been  satisfactorily  reported  upon  in  accordance  with  the  foregoing 
procedure,  or  motors  that  have  already  been  used  in  permissible  assemblies  can  be  offered  to 
prospective  customers  with  the  assurance  that  if  furnished  in  the  exact  design  previously 
tested,  these  motors  will  not  need  to  be  retested  in  order  to  obtain  approval  of  a  permis¬ 
sible  assembly  of  which  the  motor  constitutes  a  part. 

It  often  happens,  however,  that  a  customer  wants  a  motor  slightly  different  from  the 
one  previously  tested  and  inspected  by  the  bureau.  If  the  change  is  such  as  to  alter  the 
unoccupied  space  (internal  volume)  of  the  motor,  affect  the  flange  joints  of  the  motor  frame 
or  covers,  or  modify  the  flame  path  through  the  bearings  or  along  the  lead  entrance,  a  retest 
of  the  motor  will  in  most  cases  be  deemed  necessary.  Also  a  change  in  material  or  a  modi¬ 
fication  of  the  bolt  spacing  may  require  a  retest.  Slight  changes  in  windings  or  in  the 
length  of  rotors  in  a  given  frame  construction  can  sometimes  be  approved  from  an  examination 
of  the  drawings  showing  the  difference  between  the  old  and  new  design. 

The  following  lists  of  D.C.  and  A.C.  motors  have  been  prepared  in  order  that  prospective 
purchasers  may  have  a  ready  list  of  motors  that  have  been  judged  suitable  for  incorporation 
in  permissible  outfits.  These  lists  have  been  made  up  on  a  basis  of  continuous  rating,  as 
including  the  intermittent  ratings  rendered  the  lists  too  complicated.  However,  in  most 
cases  the  motors  can  be  furnished  with  windings  suitable  for  intermittent  duty. 

Direct-Current  Motors ^ 


Kd. 

R .  D .  m . 

Voltaee  ^ 

Type  or 

frame  No. 

Manufacturer 

1/2 

850 

230 

M-1 

Star  Electric  Co. 

3/4 

850 

do . 

DF-26 

Continental  Elec.  Co. 

3/4 

850 

do . 

EF 

Crocker-Wheeler. 

3/4 

850 

do . 

M-2 

Star  Electric  Co. 

3/4 

850 

do . 

RH 

Westinghouse  E.  &  M.  Co. 

3/4 

1150 

do . 

M-1 

Star  Electric  Co. 

1 

850 

do . 

D-325 

Continental  Eleo.  Co. 

1 

1150 

do . 

DF-26 

Continental  Elec.  Co. 

1 

1150 

do . 

EF 

Crocker-Wheeler. 

1 

1150 

do. 

BD-226 

General  Electric  Co. 

1  -  A  wide  range  of  intermittent  ratings  are  available  on  the  .-C 

frame  sizes  listed.  ^ 

2  -  Most  of  the  above  motors  can  bo  furnished  for  use  on  500- 

volt  circuits. 
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Direct-Current  Motors ^  -  Continued 


Type  OF  - 

frame  No. 

Hd. 

R .  p .  m . 

Voltaee  ^ 

Manufacturer 

1 

1150 

230 

M-2 

Star  Electric  Co. 

1 

1750 

do . 

DF-23 

Continental  Elec.  Co. 

1 

1750 

do . 

BD-226 

General  Electric  Co. 

1 

1750 

do . 

RZ 

Reliance  Elec.  &  Eng.  Co. 

1 

1750 

do . 

M-1 

Star  Electric  Co. 

1-1/4 

1150 

do . 

M-2-1/2 

Star  Electric  Co. 

1-1/4 

1150 

do . 

RH 

7/estinghouse  E.  8:  M.  Co. 

1-1/2 

850 

do . 

D-327 

Continental  Elec.  Co. 

1-1/2 

850 

do . 

GFB 

Crocker-Wheeler. 

1-1/2 

1150 

do . 

D-325 

Continental  Elec.  Co. 

1-1/2 

1150 

do . 

BD-232 

General  Electric  Co. 

1-1/2 

1150 

do . 

XM-2 

Star  Electric  Co. 

1-1/2 

1750 

do . 

DF-26 

Continental  Elec.  Co. 

1-1/2 

1750 

do . 

EF 

Crocker-Wheeler. 

1-1/2 

1750 

do . 

BD-226 

General  Electric  Co. 

1-1/2 

1750 

do . 

M-2 

Star  Electric  Co. 

1-.3/4 

1150 

do . 

XM-2-1/2 

Star  Electric  Co. 

1-3/4 

1750 

do . 

M-2-1/2 

Star  Electric  Co. 

2 

850 

do . 

DF-45 

Continental  Elec.  Co. 

2 

850 

do . 

33-SK 

Westinghouse  E.  &  M.  Co. 

2 

1150 

do . 

D-327 

Continental  Elec.  Co. 

2 

1150 

do . 

GFB 

Crocker-Wheeler 

■'  2 

1150 

do . 

BD-234 

General  Electric  Co. 

2 

1750 

do . 

D-325 

Continental  Elec.  Co. 

2 

1750 

do . 

BD-232 

General  Electric  Co. 

2 

1750 

do . 

XM-2 

Star  Electric  Co. 

2 

I'T'SO 

do . 

RH 

Westinghouse  E.  &  M.  Co. 

2-1/2 

1750 

do . 

XM-2-1/2 

Star  Electric  Co. 

3 

850 

^  do . 

DF-47 

Continental  Elec.  Co. 

3 

850 

do . 

53-SK 

Westinghouse  E.  &  M.  Co. 

3 

1150 

do . 

DF-45 

Continental  Elec.  Co. 

3 

1150 

do . 

CD-65 

General  Electric  Co. 

3 

1150 

do . 

1  33-SK 

Westinghouse  E.  &  M.  Co. 

3 

1750 

do . 

D-327 

Continental  Elec.  Co. 

3 

1750 

do . 

GFB 

Crocker-Wheeler. 

3 

1750 

do . 

CD-65 

General  Electric  Co. 

3 

1750 

do . 

M-4 

Star  Electric  Co. 

3 

1750 

do . 

33-SK 

Westinghouse  E.  &  M.  Co. 

5 

850 

do . 

DF-49 

Continental  Elec.  Co. 

5 

850 

do . 

63-SK 

Westinghouse  E.  5e  M.  Co. 

5 

1150 

do . 

DF-47 

Continental  Elec.  Co. 

5 

1150 

do . 

CD-73 

General  Electric  Co. 

1  -  A  wide  range  of  intermittent  ratings  are  available  on  the 
frame  sizes  listed. 

2  -  Most  of  the  above  motors  can  be  furnished  for  use  on  500- 
volt  circuits. 
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Direct-Current  Motors ^  -  Continued 


Hd. 

R .  D .  m . 

Voltage  ^ 

Type  or 

frame  No. 

Manufacturer 

5 

1150 

230 

53-SK 

Westinghouse  E.  &  M.  Co. 

5 

1750 

do . 

DF-47 

Continental  Elec.  Co. 

5 

1750 

do . 

CD-73 

General  Electric  Co. 

5 

1750 

do . 

53-SK 

Westinghouse  E.  &  .M.  Co. 

7-1/2 

850 

do . 

CD-95 

General  Electric  Co. 

7-1/2 

1150 

do . 

DF-49 

Continental  Elec.  Co. 

7-1/2 

1150 

do . 

63-SK 

Westinghouse  E.  &  M.  Co. 

7-1/2 

1750 

do . 

DF-49 

Continental  Elec.  Co. 

10 

850 

do . 

CD-95 

General  Electric  Co. 

10 

850 

do . 

103-SK 

Westinghouse  E.  &  M.  Co. 

10 

1150 

do . 

CCM 

Reliance  Elec.  &  Eng.  Co. 

10 

1150 

do . 

103-SK 

Westinghouse  E.  &  M.  Co. 

10 

1750 

do . 

63-SK 

Westinghouse  E.  &  M.  Co. 

15 

850 

do . 

113-SK 

Westinghouse  E.  &  M.  Co. 

15 

1150 

do . 

CD-95 

General  Electric  Co. 

15 

1150 

do . 

113-SK 

Westinghouse  E.  &  M.  Co. 

15 

1750 

do . 

CD-95 

General  Electric  Co. 

15 

1750 

do . 

103-SK 

Westinghouse  E.  &  M.  Co. 

20 

850 

do . 

111-SK 

Westinghouse  E.  &  M.  Co. 

25 

1150 

do . 

111-SK 

Westinghouse  E.  &  M.  Co. 

1  -  A  wide  range  of  intermittent  ratings  are  available  on  the 
frame  sizes  listed. 

2  -  Most  of  the  above  motors  can  be  furnished  for  use  on  500- 
volt  circuits. 


Alternating-Current  Motors 


Type  or 

Hd. 

R.D.m. 

Voltage 

frame  No. 

Manufacturer 

1/2 

600 

220-440 

016 

Howell  Electric  Motors  Co. 

1/2 

720 

do . 

008 

Howell  Electric  Motors  Co. 

1/2 

900 

do . 

004 

Howell  Electric  Motors  Co. 

1/2 

1200 

do . 

004 

Howell  Electric  Motors  Co. 

1/2 

1200 

do . 

24T 

The  Louis  Allis  Co. 

1/2 

1800 

do . 

004 

Howell  Electric  Motors  Co. 

3/4 

514 

do . 

43N 

The  Louis  Allis  Co. 

3/4 

600 

do . 

105 

Howell  Electric  Motors  Co. 

3/4 

720 

do . 

016 

Howell  Electric  Motors  Co. 

3/4 

900 

do . 

008 

Howell  Electric  Motors  Co. 

3/4 

900 

do . 

205Z 

The  Louis  Allis  Co. 

<v:3/4. 

1200 

do . 

008 

Howell  Electric  Motors  Co. 

3/4 

1800 

do . 

004 

Howell  Electric  Motors  Co. 

1 

600 

do . 

111 

Howell  Electric  Motors  Co. 
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Alternating-Current  Motors  -  Continued 


HP. 

R.p.m. 

Vol tage 

Type  or 

frame  No. 

Manufacturer 

1 

600 

220-440 

43N 

The  Louis  Allis  Co. 

1 

720 

do . 

105 

Howell  Electric  Motors  Co. 

1 

900 

do . 

016 

Howell  Electric  Motors  Co. 

1 

1200 

do . 

016 

Howell  Electric  Motors  Co. 

1 

1200 

do . 

24T 

The  Louis  Allis  Co. 

1 

1800 

do . 

008 

Howell  Electric  Motors  Co. 

1-1/2 

600 

do . 

124 

Howell  Electric  Motors  Co. 

1-1/2 

720 

do . 

111 

Howell  Electric  Motors  Co. 

1-1/2 

720 

do . 

43N 

The  Louis  Allis  Co. 

1-1/2 

900 

do . 

105 

Howell  Electric  Motors  Co. 

1-1/2 

1200 

do . 

024 

Howell  Eleotric  Motors  Co. 

1-1/2 

1200 

do . 

205Z 

The  Louis  Allis  Co. 

1-1/2 

1800 

do . 

016 

Howell  Electric  Motors  Co. 

1-1/2 

1800 

do . 

24T 

The  Louis  Allis  Co. 

2 

450 

do . 

66P 

The  Louis  Allis  Co. 

2 

600 

do . 

132 

Howell  Electric  Motors  Co. 

2 

720 

do . 

124 

Howell  Electric  Motors  Co. 

2 

900 

do . 

111 

Howell  Electric  Motors  Co. 

2 

900 

do . 

43N 

The  Louis  Allis  Co. 

2 

1200 

do . 

105 

Howell  Electric  Motors  Co. 

2 

1800 

do . 

024 

Howell  Electric  Motors  Co. 

2-1/2 

514 

do . 

66P 

The  Louis  Allis  Co. 

3 

720 

do . 

132 

Howell  Electric  Motors  Co. 

3 

900 

do . 

124 

Howell  Electric  Motors  Co. 

3 

1200 

do . 

111 

Howell  Electric  Motors  Co. 

3 

1200 

do . 

43N 

The  Louis  Allis  Co. 

3 

1800 

do. 

105 

Howell  Electric  Motors  Co. 

5 

720 

do . 

66P 

The  Louis  Allis  Co. 

5 

900 

do . 

132 

Howell  Electric  Motors  Co. 

5 

1200 

do . 

124 

Howell  Electric  Motors  Co. 

5 

1800 

do . 

111 

Howell  Electric  Motors  Co. 

5 

1800 

do . 

43N 

The  Louis  Allis  Co. 

7-1/2 

600 

do . 

K404 

General  Electric  Co. 

7-1/2 

900 

do . 

66P 

The  Louis  Allis  Co. 

7-1/2 

1200 

do . 

132 

Howell  Electric  Motors  Co. 

7-1/2 

1800 

do . 

124 

Howell  Electric  Motors  Co. 

10 

600 

do . 

K405 

General  Electric  Co. 

10 

720 

do . 

K404 

General  Eleotric  Co. 

10 

1200 

do . 

66P 

The  Louis  Allis  Co. 

10 

1800 

do . 

132 

Howell  Electric  Motors  Co. 

15 

720 

do . 

K405 

General  Electric  Co. 

15 

900 

do . 

K404 

General  Electric  Co. 

20 

900 

do . 

K405 

General  Electric  Co. 

20 

1200 

do . 

K404 

General  Electric  Co. 

25 

1200 

do . 

K405 

iGeneral  Electric  Co. 

30 

1800 

do . 

K405 

General  Electric  Co. 
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PHYSICAL  CHEMICAL  PROPERTIES  OF  METHANE  ’ 
By  H.  H.  Storch^ 


INTRODUCTION 

Methane  is  the  chief  constituent  of  natural  gas,  and  large  quantities  of  it  are  also 
obtained  in  coke-oven  gas  and  in  the  off-gases  from  cracking  higher  hydrocarbons.  Perhaps 
the  most  important  potential  chemical  use  of  methane  is  in  the  production  of  higher  hydro¬ 
carbons,  both  aliphatic  and  aromatic.  The  results  of  a  relatively  large  number  of  researches 
have  been  published  in  the  technical  and  patent  literature  on  the  thermal  decomposition  of 
methane,  the  objective  being  an  industrial  process  fOr  the  production  of  "antiknock"  motor 
fuel.  No  industrially  feasible  process  has,  however,  been  developed.  An  inspection  of  the 
literature  on  this  subject  indicates  that  the  chief  difficulty  in  the  way  of  accomplishing 
this  object  lies  in  controlling  the  decomposition  so  that  undesirable  products  are  eliminated. 
A  considerable  number  of  quantitative  experiments  have  been  reported,  the  results  of  which 
provide  only  a  vague  and  confusing  picture  of  the  various  steps  in  the  thermal  decomposition 
of  methane.  The  reaction  mechanism  has  not  been  subjected  to  rigorous  fundamental  study, 
and  the  necessity  for  such  a  study  is  obvious  if  further  progress  is  to  be  made. 

The  thermal  decomposition  is  only  one  of  the  reactions  of  methane  which  are  of  potential 
industrial  importance  and  which  require  further  fundamental  investigation.  The  oxidation, 
hydrolysis,  and  halogenation  of  methane  are  other  reactions  which  must  be  studied  further. 
In  view  of  the  importance  of  methane  as  a  raw  material  for  various  industrially  desirable 
products,  it  is  appropriate  that  a  survey  be  made  of  the  important  facts  concerning  the 
physical  and  chemical  properties  of  methane  which  will  serve  as  an  aid  in  subsequent  experi¬ 
mental  work.  No  attempt  will  be  made  to  present  a  complete  chronological  review,  but  rather 
a  condensed  critical  description  of  the  important  literature  will  be  presented. 

THERMODYNAMIC  PROPERTIES  OF  METHANE 

Keyes,  Smith,  and  Jouberf^  and  Keyes  and  Burks studied  the  pressure-volume  relationship 
for  CH4  in  the  pressure  range  1  to  300  atmospheres  and  273  to  473'’  Abs .  They  findthe  follow¬ 
ing  equation  of  state  to  represent  their  data  accurately; 


1  Tho  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  tlie  following  footnote  acKnowledgoont  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6549." 

2  Principal’  physical  chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 

3  Keyes,  F.  Q.,  Smith,  L.  B.,  and  Joubert,  D.  B.,  The  Equation  of  State  for  Methane  Gas  Phase:  Jour.  Math,  and  Phys., 
Mass.  Inst.  Tech.,  vol.  1,  1922,  p.  191. 

4  Keyes,  F.  G.,  and  Burks,  H.  G.,  The  Isometrics  of  Gaseous  Methane.  Jour.  Am.  Chom.  Soc.,  vol.  49,  1927,  p.  1403. 
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P  =  5.1175  (T  -  v/2)  -  9570  (1  -  0  586  v) 

V  -  d  V  +  0.42 

log  10  d  =  0.5611  -  0.978/v 

logio  (V  -  d)  _ jr _ =  52J7;  -  1.25  log,o  T  +  0.315 

1-7^  T 

where  p  =  pressure  in  atmospheres  and 

T  =  temperature  in  degrees  absolute. 

Keyes,  Taylor,  and  Smith®  measured  the  vapor  pressure  of  liquid  CH4  from  95  to  191° 
A., and  they  present  the  following  equation  therefor: 

logic  p  =  -  §95.^46  +  8.09958  -  4.04175  x  lO'^  T 
T 

+  1.68655  X  10"^  -  2.51715  x  10“^ 

where  p  is  the  vapor  pressure  in  atmospheres,  and 

T  the  temperature  in  degrees  absolute. 

The  boiling  point  of  CH4  is  given  by  these  authors  as  111.52°  A.  By  means  of  the  above  vapor 
pressure  equation  and  measurements  of  the  densities  of  the  coexisting  phases,  Keyes  and  his 
coworkers  calculated  latent  heats  of  vaporization  by  means  of  the  Clapeyron  equation  and 
represented  the  results  by  the  following  equation: 

logic  L  =  1.65214  +  2.0076  x  10-^(Tc  -  T) 

+  0.2225  logic  (Tc  -  T) 

where  L  =  heat  of  vaporization  in  calories  per  gram,  £:nd 

Tc  =  critical  temperature  (191.059  A.). 

The  heat  of  vaporization  at  the  boiling  point  (111.52°  A.)  is,  according  to  this  equation, 
125  calories  per  gram  or  1968  calories  per  mol.  This  figure  is  considerably  at  variance  with 
that  calculated  by  the  writer  from  the  vapor  pressure  measurements  of  Stock,  Henning,  and 
Kuss®  —  namely,  2,075  calories  per  mol.  This  equation,  however,  yields  2,104  calories 
per  mol.  for  the  heat  of  vaporization  at  the  triple  point  (39.98°  A.),  which  is  in  excellent 
agreement  with  calculations  based  on  the  vapor  pressure  of  solid  methane  as  measured  by 
Karwat '  in  the  range  76.89  to  87.25°  A.  and  by  Freeth  and  Verschoyle®  in  the  range  64.78 
to  90.66°  A.,  and  on  the  heat  of  fusion  as  given  by  Clusius.®  The  heat  of  vapor¬ 
ization  of  solid  methane  as  calculated  from  Karwat 's  measurements  is  2,526  calories  per 


5  .Keyes,  F.  G. ,  Taylor,  R.  S.,  and  Smith,  I,.  B,  The  Thermodynamic  Properties  of  Methane:  .lour.  Math,  and  Phys., 
Mass.  Inst.  Tech.,  vol.  1,  1922,  p.  211. 

6  Stock,  A.,  Henning,  r.  and  Kusp,  E.,  Dampfdrucktafelen  filr  Temperaturbestimmung  awisohen  25®  und  -185®:  Ber.  Deut. 
Chem.  Gesell.,  vol.  54,  1921,  p.  1119. 

7  Karwat.  F. ,  Die  Dampfdruck  des  festen  Chlorwasserstoff.e,  Methans,  und  Ammoniaks.  Ztschr.  Physik.  Chen.,  vol.  112, 
1924,  p.  486. 

iJ  Freeth,  F.  A.,  and  Verschoyle,  T.  T.  H.,  Physical  Constants  of  the  System  Methane-Hydrogen:  Proc.  Roy.  Soo.  (London) 
vol.  A  130,  1931,  p.  453. 

9  Cldslus,  K.,  Uber  die  spezifische  Warme  Einiger  kondensierter  Case  twischen  10®  abs.  und  ihrom  Triple  cunkt' 
Ztschr.  physik.  Chem.,  vol.  B  3,  1929,  p.  41. 
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Eol.  v?hich  checks  very  closely  with  a  similar  calculation  using  Freeth  and  Verschoyle's  data. 
Combining  2,326  calories  per  mol.  v/ith  the  heat  of  fusion  (at  90.60  A.)  of  224  calories 
per  mol.  as  given  by  Clusius®,  the  value  2,102  calories  per  mol.  is  obtained  for  the  heat 
of  vaporization  of  liquid  methane  in  the  vicinity  of  the  melting  point.  This  figure  checks 
that  of  Keyes,  Taylor,  and  Smith®  within  0.1  per  cent. 

The  specific  heat  of  methane  from  10.33  to  105.3°  A.  has  been  recently  measured  by 
Clusius.  The  specific  heat  equation  given  by  Eastman for  CH4  may  be  used  in  the  tempera¬ 
ture  interval  from  the  boiling  point  to  298°  A.  Three  determinations  of  the  specific  heat 
in  the  range  297.7  to  481.2°  A.  are  given  by  Eucken  and  Liide^^,  and  they  are  probably  more 
accurate  than  the  data  presented  by  Dixon,  Campbell,  and  Parker which  are  based  on  deter¬ 
minations  of  the  velocity  of  sound  in  CH.i  at  high  temperatures.  Ludolph^®  presents  specific- 
heat  data  calculated  from  theoretical  considerations  of  the  structure  of  the  methane  molecule. 
His  results  are  all  appreciably  lower  than  any  of  the  experimental  data. 

A  calculation’"*  of  the  entropy  of  CH4  based  on  the  specific-heat  data  outlined  in  the 
preceding  paragraph  yielded  the  value  45.31  E.U.  at  25°  C.  Calculations  of  the  entropy  of 
CH4  by  way  of  equilibrium  measurements  for  the  reactions: 

C  +  2H2  CH4  (1) 

CH4  +  HoO  CO2  +  4H2  (2) 

yielded  the  values  45.24  and  42. IG  entropy  units,  respectively.  Villars’®  computed  three 
values  for  the  entropy  of  CH4  from  spectroscopic  data — namely,  44.1,  42.3  and  42.0,  indicat¬ 
ing  a  preference  for  the  last  figure.  The  value  43.91  entropy  units  calculated  from  low- 
temperature  specific-heat  data  is  considered  by  the  writer  to  be  the  most  reliable  estimate 
available  at  present.  A  free  energy  equation  based  on  this  entropy  figure,  and  on  the  heat 
or  combustion  of  CKj  recently  measured  by  Rossini’®  using  specific  heat  equations  for  C,  Ho. 
and  CH4  as  indicated  elsewhere’'  by  the  writer,  is  as  follows: 

aF  =  -  15,313  +  10.54  TlnT  -  4.36  x  lO'^T^  -  0.11  x  10“®T®  -  48. IT 

CHEMICAL  REACTIONS 

Methane  is  a  relatively  inert  gas  so  far  as  chemical  activity  is  concerned.  This  inert¬ 
ness  toward  chemical  change  is  to  be  correlated  with  evidence  from  ionization  potential  ex¬ 
periments  which  indicate  that  the  outer  "shell"  of  the  methane  molecule  consists  of  8  elec¬ 
trons  similar  to  the  arrangement  in  the  rare  gases.’®.  That  is  to  say,  the  hydrogen  atoms 


10  Eastaan,  E.  D. ,  The  Specific  Heats  of  Gases  at  High  Temperatures:  Tecii.  Paper  445,  Bureau  of  Mines,  1923,  27  pp. 

11  Eucken,  A.,  and  LuJe,  K.  V.,  Die  Spezifische  Vaerme  der  Case  bci  mittleron  und  hohen  Temporaturen:  Ztschr.  physik. 
Chem.,  vol.  B  5,  1929,  p.  436. 

12  Dixon,  H.  B. ,  Campbell,  C.,  and  Parker,  A.,  On  the  Velocity  of  Sound  in  Gasos  at  High  Temperatures  and  the  R.atio  of 

the  Specific  Heats:  Proc.  Roy.  Soc.  (London),  vol.  A  100,  1921,  p.  1. 

13  Ludolph,  P.  C.,  The  Specific  Heat  of  Methane:  Phys.  Rev.,  vol.  37,  1931,  p.  830. 

14  Stcrch,  H.  H. ,  The  Free  Energy  and  Entropy  of  Methane:  Jour.  Am.  Chem.  Soc.,  vol.  53,  1931,  p.  1266,  gave  the 

value  43.39  entropy  units,  but  an  error  in  calculation  of  0.52  units  has  subsequently  been  discovered. 

15  Villars.  D.  S.,  The  Entropy  of  Polyatomic  Molecules;  Jour.  am.  Chem.  Soc.,  vol.  53,  1931,  p.  2006. 

16  Rossini,  F.  D.,  Yhe  Heats  of  Combustion  of  Uetnane  and  Carbon  Monoxide;  Bur.  Standards  Jour.  Research,  vol.  6, 
1931,  o,  37. 

17  See  footnote' 14. 

18  Glocklor,  G.,  The  Ionization  Potential  of  Mothane:  Jour.  Am.  Chem.  Soc.,  vol.  48,  1926,  p.  2021. 
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are  probably  inside  of  an  outer  shell  of  8  electrons.  Thus  the  ionization  potential  of 
methane  to  form  CH4+  is  14.5  volts  and  to  form  CH3+  is  15.5  volts, these  figures  being  of 
the  order  of  magnitude  of  those  for  argon  and  krypton.  Oxygen  atoms  were  found  by  Harteck 
and  Kopsch"®  to  react  quite  rapidly  with  most  organic  compounds  excepting  methane  where  only 
a  slow  reaction  was  observed.  Similarly  Bonhoeffer  and  Harteck, and  von  Wartenberg  and 
Schultze^^  found  that  atomic  hydrogen  would  not  react  with  CH4  to  yield  any  product  other 
than  Ho  and  CH,j.  Ultra-violet  light  as  obtained  from  a  mercury  arc  lamp  does  not  affect 
methane,^*  whereas  ethane  yields  Ho,  CH4,  C4Hio»  CtiH)4  and  other  products.  In  general  it  may 
be  concluded  that  the  CH4  molecule  is  quite  resistant  to  chemical  change,  necessitating  a 
large  energy  increment  for  activation  at  low  temperatures. 

THERMAL  DECOMPOSITION 

A  review  and  bibliography  of  the  thermal  decomposition  of  hydrocarbons,  and  particularly 
of  methane  has  been  recently  published  by  Egloff,  Schaad,  and  Lowry, and  therefore  only 
the  more  important  and  more  recent  data  will  be  presented  here. 

In  static  experiments,  in  which  CH4  was  confined  in  a  sealed  bulb  of  quartz  or  porce¬ 
lain,  it  has  been  found  that  the  decomposition  at  about  1,000°  C.  proceeds  rapidly  at  first 
to  carbon  and  hydrogen,  but  that  the  rate  decreases  practically  to  zero  long  before  the 
equilibrium  value  is  reached.  Holliday  and  Exell^^  and  Wheeler  and  Wood^®  postulate  that 
the  absorption  by  the  walls  of  the  reaction  vessel  of  the  hydrogen  produced  by  the  decompo¬ 
sition  is  responsible  for  the  marked  decrease  in  rate. 

A  recent  paper  by  Holliday  and  Gooderham^^  shows  conclusively  that  variation  of  the 
surface  within  wide  limits  has  no  measurable  effect  on  the  rate  of  decomposition  of  methane 
in  quartz  bulbs  in  the  temperature  range  900  to  1,100°C.  These  authors  suggest  that  the 
initial  reaction  is  a  homogeneous  bimolecular  reaction,  namely: 

2  CH4  =  C2H2  +  3  H2  -  91,000  calories, 

and  that  this  reaction  is  followed  by  the  decomposition  of  the  acetylene  at  the  surface  of 
the  reaction  vessel.  The  apparent  equilibria  reached  after  the  initially  rapid  reaction  is 
completed  are  explained  by  them  as  a  true  equilibrium  in  the  reaction  given  above  for  the 
formation  of  acetylene  from  methane;  the  rate  of  decomposition  of  the  acetylene  being  de¬ 
creased  practically  to  zero  due  to  the  adsorption  of  hydrogen  by  the  surface  of  the  reaction 
vessel . 


19  Hogness,  T.  R  ,  and  Kvalves,  H.  M.,  The  Ionization  Prooess  in  Methane  Interpreted  by  the  Mass  Spectrograph:  Phys. 
Rev.,  vol.  32,  1928,  p.  943. 

20  Harteck,  P.,  and  Kopsch,  U.,  Gas  Reaktionen  mit  atomarem  .Sauerstof fe,  Ztsohr.  phys.  Chem.,  vol.  B  12,  1931,  p.  327. 

21  Bonhoeffer,  K.  F. ,  and  Harteck,  P.  .  Uber  die  Reaktionen  von  atom:.ren  Wasserstoff  mit  Kohlenwasserstoffen:  Ztsohr. 
physik.  Chem.,  vol.  139,  1928,  p.  64. 

22  von  Wartenberg,  H.,  and  Sohultze,  G.,  Die  Einwirkung  atomaren  Wasserstof fes  auf  Kohlenwasserstoffe,  Ztsohr.  physik. 
Chem.,  vol.  B  2,  1929,  p.  1. 

23  Kemula,  W. ,  Action  of  Ultra-Violet  Rays  on  Aliphatic  Hydrocarbons:  Chem.  Abs.,  vol.  24,  1930,  p.  4462. 

24  Egloff,  G. ,  Schaad,  R.  E. ,  and  Lowry  C.  D.,  jr..  The  Decomposition  of  the  Paraffin  Hydrocarbons:  Jour.  Phys 
Chem.,  vol.  34,  1930,  p.  1617. 

25  Holliday,  G.  C.,  and  Exell,  H.  C.,  The  Thermal  Decomposition  of  Methane.  Part  I.  Decomposition  in  Silica  Bulbs: 
Jour.  Chem.  Soo.  (London),  1929,  p.  1066. 

26  Wheeler,  R.  V  ,  and  Wood,  W.  L. ,  Recent  Experiments  on  the  Pyrolysis  of  Methane:  Fuel  in  Soi.  and  Practice,  vol 
9,  1930,  p.  567. 

27  Holliday,  G.  C.,  and  Gooderham,  W,  J,,  The  Thermal  Decomposition  of  Methane.  Part  II  -  The  Homogeneous  Reaction" 
Jcur.  Chem.  Soc.  (London),  1931,  p.  1594. 
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The  mechanism  suggested  by  Holliday  and  Gooderham  is  seen  to  be  highly  improbable,  if 
one  calculates  the  theoretical  rate  of  the  reaction  (requiring  at  least  91,000  calories  for 
activation)  assuming  that  every  collision  between  two  methane  molecules,  which  can  supply 
the  necessary  energy  of  activation,  is  effective.  Such  a  calculation  (made  by  L.  S.  Kassel, 
associate  physical  chemist,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines)  shows  that 
the  theoretical  rate  is  approximately  10®  times  smaller  than  the  actual  rate. 

In  dynamic  experiments  varying  yields  of  acetylene,  ethylene,  benzol,  tar,  and  carbon 
are  reported,  the  most  important  variables  being  the  time  of  contact  within  the  hot  zone 
and  the  temperature.  The  character  of  the  walls  of  the  reaction  tube  exerts  little  or  no  in¬ 
fluence  on  the  reaction,  provided  strongly  "methanizing"  metals  such  as  iron,  nickel,  cobalt, 
etc.,  are  avoided.  The  latter  catalyze  the  production  of  carbon  and  hydrogen.  Quartz, 
porcelain,  and  copper  are  the  materials  commonly  employed.  Wheeler  and  Wood^^  find  that 
dilution  with  nitrogen  had  only  a  slight  effect  on  the  yield  of  aromatic  hydrocarbons  at 
1,000°  C.  using  relatively  long  times  of  contact  (1  to  2  minutes)  in  a  quartz  tube,  whereas 
dilution  with  hydrogen  results  in  markedly  decreased  yields.  In  a  later  paper"®  the  same 
authors  working  at  1,050°  C.  in  quartz  tubes  conclude  that  the  important  variable  is  the 
time  of  contact,  rather  than  the  surface  exposed  to  the  CH4.  This  is  illustrated  by  the  data 
of  Table  1  which  also  includes  seme  data  on  the  use  of  a  chrome-iron  reaction  tube. 


Table  1.-  Wheeler  and  Wood's  data  on  relative  importance  of  time  of  contact  a 
and  surfac e  to  volume  ra tio  at  1.050°  C.  using  96  pe r  cent  of  CH 4 


Material 

Surface  to 

volume  ratio 

Time  of 

contact, 

seconds 

CH4  decom¬ 
posed  to 

C  +  2He, 

per  cent 

CH4  converted  to 
liquid  products, 

per  cent 

CH4  converted  to 
higher  hydrocarbons 
(mainly  two  carbon 
atoms) .  per  cent 

Quartz 

1.86 

11.2 

45.5 

8.1 

10.3 

6.2 

39.3 

12.2 

11.9 

4.3 

32.6 

15.0 

16.6 

3.3 

27.5 

13.7 

19.0 

2.6 

22.6 

18.2 

24.3 

1 

Quartz 

27.00 

3.7 

28.15 

13.0 

13.6 

1.6 

18.21 

15.2 

22.0 

0.6 

6.08 

25.6 

45.0 

0.45 

4.06 

15.0 

61.3 

0.3 

2.48 

12.7 

71.5 

Chrome-iron 

1.6 

9.0 

43.1 

6.7 

9.1 

4.5 

33.5 

9.8 

13.7 

3.25 

27.1 

12.0 

20.0 

2.5 

13.1 

12.1 

31.9 

2.0 

11.8 

10.8 

46.5 

28  flP'.eeler.  R.  V.,  and  Wood.  W.  I..,  The  Pyroly<ii<3  of  Methane:  Fuel  In  Scl.  and  Praotloe,  vol.  7,  1928  p.  535. 

29  .See  footnote  26. 
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Wheeler  and  Wood  found  little  or  no  acetylene  or  propylene  in  the  decomposition  products 
but  butylene  and  butadiene  were  present  in  appreciable  amounts. 

The  results  of  Fischer,  et  al,^'*  are  in  substantial  agreement  with  those  of  Wheeler  and 
Wood.  Stanley  and  Nash®^  report  their  maximum  yields  (using  quartz  tubes  at  1,100°  C.,  pure 
CH4  at  atmospheric  pressure)  of  light  oil,  and  tar  were  obtained  with  about  1  second  contact 
time.  Their  off-gases  contained  about  1  per  cent  acetylene  and  about  the  same  percentage  of 
ethylene.  Fischer  and  Meyer^^  report  5.9  per  cent  of  C2H2  in  their  off-gases  when  using  760- 
millimeters  pressure,  1,200  to  1,550°  C.,  and  0.02  to  0.0003  second  contact  time  with  an 
electrically  heated  tungsten  wire.  At  50-millimeters  pressure  and  1,300  to  3,000°  C., 

9  to  15  per  cent  of  C2H2  was  obtained  at  0.0005  to  0.0001  second  contact  time.  The  tungsten 
wire  deteriorated  rapidly,  because  of  carbon  deposition.  Unfortunately,  no  details  concern¬ 
ing  the  other  constituents  of  the  off-gas  are  given. 

Frolich,  White,  and  Dayton^®  working  at  about  1,100°  C.  and  30  to  40  millimeters  of  Hg 
pressure,  obtained  a  maximum  C2H2  content  of  about  6.5  per  cent  in  the  off-gases,  the  time 
of  contact  being  about  0.05  seconds.  The  off-gas  containing  6.5  per  cent  of  C2H2  also  cont¬ 
ained  about  6  per  cent  of  Ho.  Theoretically  the  H2  content  should  have  been  at  least  three 
times  that  of  CoHo.  It  is  possible  that  some  Ho  may  have  been  lost  by  diffusion  through  the 
quartz  tube.  The  authors  also  find  that  the  C2H2  yield  is  very  sensitive  to  the  time  of 
contact  and  the  pressure.  The  percentage  of  C2H2  found  did  not  vary  much  with  either  time 
of  contact  or  pressure,  but  remained  approximately  constant  at  1.5  to  2.0  per  cent.  The 
amount  of  carbon,  tar,  and  oil  formed  decreased  rapidly  with  decrease  in  pres.s'ure  and  time 
of  contact. 

De  Rudder  and  Biedermann^^  have  done  a  most  careful  and  complete  research  in  so  far  as 
the  production  of  acetylene  by  the  pyrolysis  of  methane  is  concerned.  They  performed  their 
experiments  in  quartz,  at  temperatures  of  900  to  1,500°  C.  and  pressures  of  760  millimeters 
to  34  millimeters  of  Hg,  using  99.7  per  cent  of  CH4,  0.3  per  cent  of  N2  as  raw  material. 
Their  results  are  of  sufficient  importance  to  reproduce  here  in  Table  2.  Only  very  small 
amounts  of  tar  and  oil  were  obtained  at  1,000°  C.  Above  this  temperature  little  or  no  tar 
or  oil  was  observed. 

The  results  of  Table  2  show  that  the  maximum  C2H2  content  was  obtained  at  1,200°  C. 
using  100-millimeters  pressure  and  2.0  seconds  contact  time;  and  the  maximum  C0H2  content  at 
1,500°  C.,  44  millimeters  pressure,  and  0.013  second  contact  time.  In  the  latter  experiment 
52.5  per  cent  of  the  CH4  was  converted  mainly  to  C2H2  and  only  10.5  per  cent  to  carbon,  37 
per  cent  being  recovered  unchanged. 

The  results  given  in  Table  2  indicate  that  ethylene  is  the  primary  product  of  the  ther¬ 
mal  decomposition,  rather  than  acetylene.  Thus  at  1,000°C.  little  if  any  acetylene  is  pres¬ 
ent,  whereas  the  ethylene  content  is  of  the  order  of  1  to  2  per  cent,  and  is  increasing  with 
decreasing  time  of  contact.  Similarly  at  1,300°  C.  the  ethylene  content  increases  from  0.6 
per  cent  to  1.7  per  cent  when  the  time  of  contact  is  changed  from  0.51  to  0.05  second, 
respectively,  whereas  the  acetylene  content  decreases  from  6.6  per  cent  to  2.7  per  cent  with 
the  same  change  of  contact  time. 


30  fisher,  F.,  Pichler,  H.,  Meyer,  K.,  and  Koch,  H.,  The  Formation  of  Benzol  and  other  Hydrocarbons  by  the  Action  of 
Heat  on  Methane;  Brena  Cheo.,  vol .  9,  1928.  p.  309;  2nd.  Ir.ternat.  Conference  on  Bit.  Coal,  vol .  2,  1923.  p.  789. 

31  Stanley,  H.  M.,  and  Nash.  A.  W. ,  The  Prodaction  of  Gaseous,  Lio.uid  and  Solid  Hydrocarbons  fros  Methane.  Part  I  - 
The  Tneroal  Decomposition  of  Methane:  Jour.  Soc.  Chem.  Ind.,  vol.  48,  1929,  p.  1.  T. 

32  Fisher,  F  .  and  Meyer,  K.,  Uber  die  thermische  Bildung  von  Aoetylon  aus  Methan:  Brenn.  Chem.,  vol.  10,  1929.  p.324. 

33  Frolich,  P.  K.,  White,  A.,  D.ayton,  H.  P.,  Studies  on  Production  of  acetylene  from  Methane.  I  -  Cracking  Under 
Vacuum:  Jour.  Ind.  'Srg.  Chem.,  vol.  22,  1930,  p.  20. 

34  Rudder,  Fr.  de,  and  Biederaann,  H.,  Sur  la  pyrogenation  du  Methane:  Compt  Rend.,  vol.  190,  1930,  p.  1194;  Bull. 
Soc.  Chini.,  vol.  47,  1930,  p.  710. 
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Table  2.-  Results  of  Rudder  and  Biedermann's  experiments 
on  thermal  decomposition  of  methane 


Temp . , 

°C. 

Time  of 

contact, 

seconds 

Pressure , 

millimeters 

of  Ha 

Per  c( 

OH  4 

5nt  in 

H2 

off-gc 

C2H2 

tses  of 

CoH.i 

Per  cent 

conversion 

of  CH.1  to 

Per  cent 

of  CH.J  un¬ 
decomposed 

C 

CoHo 

900 

75.0 

760 

84.8 

8.9 

0.2 

1.6 

3.0 

4.0 

93.0 

1000 

0.7 

87 

- 

3.8 

- 

0.2 

3.5 

0.5 

96.0 

1000 

4.9 

760 

83.4 

14.0 

0.5 

1.7 

5.0 

4.0 

91.0 

1000 

15.8 

760 

42.1 

55.1 

- 

1.8 

36.0 

5.0 

59.0 

1000 

58.0 

760 

34.7 

64.0 

- 

0.9 

46.0 

2.0 

52.0 

1200 

0.36 

53 

- 

6.55 

- 

0.9 

2.5 

2.5 

95.0 

1200 

0.8 

81 

- 

13.0 

- 

2.2 

4.5 

4.5 

91.0 

1200 

2.0 

105 

- 

29.0 

2.3 

3.4 

9.0 

14.0 

77.0 

1300 

0.05 

151 

64.4 

27.4 

2.7 

1.7 

9.0 

11.0 

80.0 

1300 

0.14 

118 

33.6 

57.1 

6.0 

0.9 

28.5 

21.0 

50.5 

1300 

0.51 

142 

13.8 

76.1 

6.6 

0.6 

49.0 

26.0 

25.0 

1400 

0.043 

134 

17.8 

73.6 

5.6 

0.1 

48.0 

20.0 

32.0 

1400 

0.10 

82 

21.7 

55.9 

11.0 

1.5 

17.5 

44.0 

38.5 

1400 

0.13 

34 

21.9 

63.5 

10.6 

0.9 

25.0 

38.0 

37.0 

1500 

0.007 

60 

52.7 

34.2 

6.7 

3.3 

4.5  1 

26.0 

70.6 

1500 

0.013 

44 

21.5 

59.4 

14.85 

1.3 

10.5 

52.5 

37.0 

1500 

0.2 

73 

2.2 

30.6 

14.4 

- 

37.0 

58.2 

4.54 

The  work  of  Hague  and  Wheeler also  indicates  that  ethylene  is  the  parent  substance 
for  the  formation  of  benzol;  the  intermediary  stages  being  butylene,  butadiene,  and  hexa- 
diene.  Naphthalene  may  be  formed  by  way  of  the  condensation  of  butadiene  with  benzol,  and 
anthracene  from  naphthalene  and  butadiene. 

Wheeler^®  subjected  the  work  of  Bone  and  Coward,®^  Wheeler  and  Wood,^®  and  Holliday  and 
Exell"®  to  an  analysis  based  on  the  assumption  that  in  both  the  static  and  streaming  experi¬ 
ments  the  reaction  was  entirely  heterogeneous,  hydrogen  exercising  a  marked  retarding  influ¬ 
ence.  The  curves  given  by  Bone  and  Coward  and  Wheeler  and  Wood  indicate  that  in  static  ex¬ 
periments  after  the  first  rapid  decomposition  has  ceased,  a  reaction  of  zero  order  (amount 
of  methane  decomposed  per  unit  time  is  constant  and  independent  of  its  pressure)  becomes 
apparent.  Holliday  and  Exell's  results,  however,  do  not  supply  any  evidence  for  such  zero 
order  reaction.  Wheeler  develops  rate  equations  of  the  type: 

-  dp/dt  =  kipn  (1  _  k2  •{  (P  -  P)a  /P  [’t') , 

where  p  is  the  pressure  of  CH4  at  time  t,  and  is  calculated  from  the  initial  pressure  P  and 
the  observed  total  pressure  2  P  -  p  at  time  t.  p  indicates  the  order  of  the  reaction  as 


35  Hague,  E.  N.,  and  Wheeler,  R.  V.,  The  Mechanism  of  Thermal  Decomposition  of  the  Normal  Paraffins:  Jour  Chen. 
Soc.  (London),  1929,  p.  378. 

36  Jfheeler,  T.  S.,  The  Kinetics  of  the  Thermal  Decomposition  of  Methane:  Fuel,  vol.  10,  1931,  p.  175. 

37  Bone,  W.  A.,  and  Coward,  H.  F.,  The  Thermal  Decomposition  of  Hydrocarbons:  Jour.  Chom.  Soc.,  vol.  93.  1908,  p.ll97. 

38  See  footnotes  26  and  23. 

39  See  footnote  25. 
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regards  CH4.  ki  is  the  velocity  constant  for  the  particular  reaction  vessel  used,  and 
k2  ((P  -  p)^/p)^  represents  the  retarding  influence  of  hydrogen.  In  all  cases  Wheeler  puts 
n  =  1,  and  for  Holliday  and  Exell's  results  a  =  2,  b  =  0.25,  whereas  for  the  other  investi¬ 
gators  a  =  3,  b  =  1/9.  While  these  equations  represent  the  results  with  fair  accuracy,  the 
author  (Wheeler)  states  that  no  physicochemical  interpretation  of  them  can  be  given  at 
present.  Heats  of  activation  between  30,000  and  34,000  calories  are  calculated  by  Wheeler. 

This  complexity  of  the  retardation  of  CK4  decomposition  by  hydrogen  is  not  without 
parallel,  for  Hinshelwood'*®  cites  a  similar  case — namely,  the  decomposition  of  NH3  on  quartz. 
He  states: 

In  the  equation  dx/dt  =  (k(a  -  x)  )/(l  +  bx) ,  the  factor  1/(1  +  bx) ,  which  repre¬ 
sents  the  retarding  effect,  reduces  as  we  have  seen  to  1/bx  for  large  values  of  b 
and  becomes  equal  to  unity  when  b  vanishes.  For  intermediate  conditions  it  may  be 
represented  approximately  by  an  inverse  fractional  power  of  x.  This  is  the  origin 
of  the  relation  sometimes  found  empirically  that  the  retarding  effect  of  a  gas  is 
proportional  to  the  square  root  of  its  pressure. 

It  will  be  observed  that  Wheeler's  equation  when  n  =  1,  a  =  2,  and  b  =  0.25,  presents 
just  this  proportionality  of  the  retarding  effect. 

The  writers  chief  criticism  of  Wheeler's  paper  concerns  the  assumption  that  in  the 
streaming  experiments  the  reaction  is  entirely  heterogeneous.  If  this  were  the  case,  it 
would  be  very  difficult  to  account  for  the  observation  by  several  experimenters  that  a  large 
increase  in  the  surface  exposed  to  the  CK4  does  not  alter  the  reaction  rate  appreciably. 
This  indicates  that  while  the  reaction  may  be  initiated  at  the  walls,  it  is  probably  largely 
homogeneous  after  it  is  once  started.  A  chain  reaction  with  long  chains  is  also  ruled  out, 
for  in  this  case  the  rate  would  be  decreased  by  increased  surface  exposure. 

The  primary  steps  in  the  thermal  decomposition  of  methane  are  as  yet  quite  obscure. 
The  following  series  of  reactions  should,  however,  be  considered  in  any  experiments  on  the 
primary  steps; 


CK4  +  hot  quartz  or  hot  carbon  C  +  2H  +  Ho  (1) 

CK4  (adsorbed)  +  H  (adsorbed)  — ►  CH3  +  H2  (2) 

CH3  +  CK4  C0H5  +  H2  -  11,000  cals.  (3) 

C0H5  C2K4  +  H  -  20,000  cals.  (4) 

CH3  -♦  CHo  +  H  -  25,000  cals.  (5) 

CH 2  +  Ci.4  — *  0 2H4  +  H2  +  20,000  cals.  (6) 

CK4  +  H  CH3  +  H2  -  25.000  cals.  (7) 


The  first  step  is  the  complete  dissociation  of  methane  to  form  a  layer  of  carbon  atoms 
on  the  surface  of  the  reaction  vessel.  The  hydrogen  resulting  from  the  decomposition  may  be 
partially  adsorbed  as  monatomic  hydrogen  on  the  carbon  atoms,  and  the  remainder  as  molecular 
hydrogen.  The  second  step  consists  in  the  reaction  of  adsorbed  methane  with  adsorbed  monato¬ 
mic  hydrogen  to  form  a  methyl  radical  and  molecular  hydrogen.  The  heat  of  formation  of 
molecular  hydrogen  is  somewhat  less  than  that  necessary  to  break  an  H3C  -  H  bond,  and  hence 
the  reaction  is  only  mildly  exothermic.  Some  energy  of  activation  may  be  necessary  to 
activate  the  methane. 

It  is  probable  that  as  soon  as  atomic  hydrogen  is  present  due  to  reactions  (4)  and  (5) 
the  synthesis  of  ethylene  will  be  a  homogeneous  chain  reaction.  The  chains  will,  however, 
be  very  short,  due  to  the  continuous  removal  of  atomic  hydrogen  by  the  walls  of  the  reaction 


40  Hinshelvood,  C.  N.,  Kinetics  of  Chemical  Change  in  Gaseous  Systems:  Oxford,  1929,  2nd  ed.,  p.  209. 
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•,essel.  The  effect  of  increased  surface  exposure  can  not  be  readily  predicted,  for  while 
the  rates  of  reactions  (1)  and  (2)  would  be  increased,  the  rate  of  reactions  (7)  would  be 
decreased  because  of  the  recombination  of  hydrogen  atoms  at  the  surface  to  form  molecular 
hydrogen . 

The  heats  of  reaction  listed  in  reactions  (3)  to  (7),  inclusive,  are  approximations 
based  on  the  estimates  of  Mecke^^.  The  probability  of  reaction  (4)  has  recently  been  dis¬ 
cussed  by  Rice  .  ^ 


EFFECT  OF  ELECTRIC  DISCHARGE  THROUGH  METHANE 

Egloff,  Shaad,  and  Lowry^^  present  a  comprehensive  review  of  research  on  the  electrical 
decomposition  of  methane  up  to  early  in  1930.  At  that  time  the  most  interesting  results  from 
a  practical  point  of  view  were  those  of  Fischer  and  Reters^'*  who  were  able  to  obtain  82.3  per 
cent  conversion  of  CH4  to  acetylene  by  passing  coke-oven  gas  through  an  electrical  discharge 
tube  at  about  50  millimeters  pressure.  The  electrodes  were  of  Krupp  V  2A  steel  and  about 
50  centimeters  apart,  about  2,000-volts,  50-cycle  current  being  employed.  The  energy  re¬ 
quired  per  cubic  meter  of  acetylene  was  31  kilowatt-hours.  Subsequently  Peters  and 
Pranschke^®  showed  that  in  passing  1160  liters  per  hour  of  a  gas  (containing  54.6  per  cent 
of  H2.  24.9  per  cent  of  CH4,  9.7  per  cent  of  N2,  2.1  per  cent  of  CO2.  and  0.9  per  cent  of  O2) 
through  an  electric  discharge  tube  (5-centiraeter  diameter  electrodes  30  centimeters  apart) 
at  40  to  60  millimeters  Hg  pressure,  the  off-gas  contained  8.0  per  cent  of  C2H2;  no  carbon 
was  deposited,  and  the  energy  consumption  was  11.6  kilowatt-hours  per  cubic  meter  of  acety¬ 
lene  produced.  This  corresponds  to  about  30  per  cent  conversion  of  the  CH4.  At  lower 
pressures  (10  to  20  millimeters)  a  much  higher  conversion — namely,  about  95  per  cent  of  CH4 
to  acetylene  is  claimed. 

As  reported  in  a  later  paper,  Peters  and  Wagner,^®  using  a  gas  containing  91.9  per  cent 
of  CH4,  3.4  per  cent  of  N2.  3.5  per  cent  of  H2,  and  0.9  per  cent  of  (Oo  +  CO)  at  about  90 
millimeters  pressure  and  0.05  second  contact  time,  obtained  a  minimum  energy  value  of  13 
kilowatt-hours  per  cubic  meter  of  acetylene,  the  product  containing  4.2  per  cent  of  C2H2. 
Low  concentrations  (about  0.8  per  cent)  of  ethylene  were  also  obtained.  Dilution  with 
hydrogen  favors  the  conversion  of  CH4  to  acetylene  up  to  a  maximum  when  the  ratio  of  CH4  to 
H2  is  2  :  1.  At  lower  pressures  (that  is,  less  than  10  millimeters)  appreciable  amounts  of 
C2He  and  C3H4  appeared  in  the  off-gases.  The  minimum  energy  consumption  per  cubic  meter  of 
acetylene  produced  for  any  given  set  of  conditions  (that  is,  space  velocity  and  pressure 
particularly)  is  obtained  when  the  power  input  is  increased  just  to  the  point  where  the 
color  of  the  discharge  changes  from  blue  to  yellow.  This  change  is  associated  with  the 
appearance  of  a  new  carrier — namely,  C2  ions.  It  is  not  possible  at  this  time  to  present  a 
detailed  picture  of  the  mechanism  of  the  production  of  acetylene  from  CH4  by  electric 


41  Keoke,  R.,  Fxperimentello  Ergebnisse  und  Zlele  der  Ba^denfo^schung:  Ztsc.Tr.  Elektrochem. ,  vol.  36,  1930,  p.  595. 
12  Rice,  F.  0.,  The  Thermal  Decomposition  of  Organic  Compounds  fron  the  Standpoint  of  Free  Radicals.  I  -  Saturated 
Hydrocarbons:  Jour.  Aa.  Chem_.  Soc.,  vol.  53,  1931,  p.  1959. 

43  See  footnote  24. 

44  Fischer.  F..  and  Peters,  K.,  liber  die  Einwirkung  Elektrlschen  Fntladur.gen  auf  Kohlenwasseretof fhaltige  Case  bei 
Vermindertem  Pruek;  Ztschr.  physik.  Chea.,  vol.  A  141,  1929,  p.  130. 

Fischer,  s'.,  a.id  Peters,  K.,  Qber  die  Umwandlung  von  Methan  bzw.  Koksofengas  duroh  Elektriche  Entladungen  boi 
Unterdruck:  Brenn.  Chem.,  vol.  10,  1929,  p.  198. 

45  Peters,  K. ,  and  Pranschke,  a.,  Neue  Versuche  Ober  die  Umsetaung  von  Methan  aus  Kokeofengas  in  Acetylen  durcn 
Elektrische  Entladungen:  Brenn.  Cnem.,  vol.  11,  1930,  p.  239. 

46  Peterp,  K.,  and  Wagner,  0.  H.,  Athylen  -  und  Acetylenblldung  aus  Methan  in  Elektrischen  Entladungen:  Ztschr. 
physik.  Chem.,  vol.  A  153,  1931,  p.  161. 
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discharge,  especially  since  Eisenhut  and  Conrad^^  have  shown  by  mass  spectrographic  methods 
that  every  species  of  ion  from  one  to  four  carbon  atoms  is  present  in  the  discharge. 

In  the  recently  published  work  of  Brewer  and  Kueck^®  on  the  decomposition  of  methane  in 
the  glow  discharge  using  much  lower  voltages  (several  hundred  volts)  and  pressures  (a  few 
millimeters  of  mercury)  than  Fischer  and  his  coworkers  and  immersing  the  discharge  tube  in 
liquid  air,  practically  quantitative  conversion  of  methane  to  ethylene  was  obtained.  These 
authors  suggest  that  the  reaction  is  essentially  the  following: 

(CH4)+  4  CH4  -*  (C2H4)+  +  H2  . 

the  (C2H4)+  being  rapidly  freed  of  its  electric  charge  by  neutralization  at  the  walls  of  the 
discharge  tube.  The  fact  that  in  both  the  thermal  decomposition  of  and  electric  discharge 
through  CH4,  ethylene  appears  to  be  one  of  the  earliest  products  is  perhaps  signigicant,  but 
at  present  it  can  be  regarded  only  as  a  coincidence  with  little  or  no  bearing  on  the  mechan¬ 
ism  of  the  two  systems  of  reaction. 


OXIDATION  OF  METHANE 

Egloff  and  Schaad^®  have  reviewed  the  literature  on  the  oxidation  of  methane  up  to  1929. 
The  main  objective  of  most  of  the  research  work  on  this  subject  has  been  to  obtain  an  in¬ 
dustrially  feasible  process  for  the  production  of  formaldehyde.  Since  the  production  of 
cheap  methanol  from  water  gas,  the  search  for  such  a  process  has  practically  ceased,  because 
of  the  ease  with  which  formaldehyde  can  be  produced  from  methanol. 

The  kinetics  of  the  oxidation  of  methane  has  been  studied  by  Pease  and  Chesebro“*^  and 
more  recently  by  Fort  and  Hinshelwood^' ^ .  The  oxidation  is  apparently  a  chain  reaction,  for 
the  rate  is  decreased  by  an  increase  in  the  surface  exposed  to  the  reactants. 

The  relation  between  the  rate  and  concentrations  of  methane  and  oxygen  is  of  no  simple 
order,  the  nearest  integral  value  being  3  or  4.  The  rate  increases  rapidly  with  increasing 
CH4  concentration  but  is  relatively  little  -influenced  by  the  O2  concentration.  An  induction 
period  exists  in  the  oxidation  of  CH4,  during  which  the  rate  of  reaction  is  low.  Fort  and 
Hinshelwood  state  that  this  induction  period  probably  represents  the  time  necessary  for  the 
production  of  the  "steady  state"  concentration  of  formaldehyde,  for  a  similar  induction 
period  exists  in  the  oxidation  of  methanol. 

The  partial  oxidation  of  methane  using  2CH4  4-  1  O2  and  producing  a  mixture  of  v/ater  gr.s 
and  acetylene  was  studied  by  Fischer  and  Fichler*'^.  The  results  of  this  work  are  given  in 
the  following  table. 

The  mixture  of  water  gas  and  acetylene  as  obtained  in  the  experiments  of  Table  3  would 
probably  give  a  considerably  higher  yield  of  gasoline  when  passed  over  proper  catalysts  at 
about  200°  C.,  than  is  obtained  with  water  gas  alone. 


47  Eisenhut,  0.,  and  Conrad,  R,,  Beobachtungen  bar  Zerfall  und  Bildung  von  Kohlenwasserstoffen  in  Entladungsrdhren 
Bit  hilfe  von  Kanalstrahlen;  Ztschr,  Elektrochem,  vol.  36,  1930,  p,  654. 

48  Brewer,  A.  K.,  and  Kueck,  P.  D.,  Chemical  Action  in  the  Glow  Discharge.  VII  Dissociation  and  Oxidation  of 
Methane:  Jour,  Phys,  Chem.,  vol.  35,  1931,  p.  1293, 

49  Egloff,  G.,  and  Schaad,  R.  E.,  The  Oxidation  of  the  Paraffin  Hydrocarbons:  Chem.  Rev.,  vol.  6,  1929,  p.  91. 

50  Pease,  R.  N.,  and  Chesebro,  P.  R.,  Characteristics  of  Homogeneous  Exothermic  Gas  Reactions:  Proo.  Nat.  Acad. 
Sci.,  vol.  14,  1928,  p.  472. 

51  Fort,  R.,  and  Hinshelwood,  C.  N.,  Further  Investigations  on  the  Kinetics  of  Gaseous  Reactions:  Proo.  Roy.  Soo., 
vol.  A,  129,  1930,  p.  284. 

52  Fischer,  F.,  and  Picnler,  H.,  Uber  die  Partielle  Vorbrenung  von  Methan  bei  Verschiedenen  Drucken,  mit  bosondere 
Berucksichtigung  der  hierbei  auftretenden  Acetylenbildung:  Brenn.  Chem.,  vol,  11,  1930,  p.  501. 
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Table  3.-  Pertial  oxi'lation  of  methane  by  oxygen 


2.5  by  100  millimeter  Pythagorasmasse  tube  105 
liters  per  hour  of  2CH4  +  1  O2  for  5  hours 
at  1,150  to  1,200°  C. 


Volume,  per  cent 


0 

0 

to 

1 

C2H2 

O2. 

CO 

He 

CH4 

CnHo 

N? 

Reactants  . 

0 

0 

33.6 

1  00 

1  • 

1  -t 

1 

0.4 

59.4 

0.0 

4.8 

Products  . . 

2.5 

9.5 

0.2 

23.5 

50.9 

10.0 

0.0 

3.4 

Also  20  c. 

c..  .of  "light  oil. 

" 

CH.t  +  Oe  passed  through  2 

:.5  by_ 

100  millimeter  tube  at  ] 

,400° 

C. 

O2  liters/hour  . 

0 

20 

30 

40 

50 

60 

70 

80 

O2  +  CH4  liters/hour 

109 

136 

150 

156 

174 

183 

204 

234 

COe,  volume,  per  cent 

0.2 

0.9 

1.6 

1.4 

2.4 

3.0 

3.0 

3.4 

C  2H  2  do 

5.2 

7.6 

8.2 

9.0 

9.4 

9.4 

6.6 

1.2 

0  2  do 

0.3 

0.5 

0.6 

0.2 

0.0 

0.0 

0.0 

0.2 

CO  do 

1.2 

12.4 

16.3 

19.6 

22.7 

25.8 

30.4 

35.8 

H2  do 

25.5 

38.6 

44.5 

48.5 

53.1 

54.2 

56.3 

56.4 

CH4  do 

64.3 

37.0 

25.8 

18.6 

9.4 

4.8 

1.9 

0.8 

CH4  to  C9H9  do 

12.2 

21.4 

26.6 

30.4 

34.8 

37  0 

29.4 

5.0 

Bone^^  has  recently  found  that  the  direct  oxidation  of  methane,  using  a  mixture  of 
9  Cri4  +  1  O2  at  360°  C.  and  100  atmospheres  pressure,  yielded  considerable  quantities  of 
(17  per  cent  of  the  CH4  reacting  to  form)  methanol,  the  bulk  of  the  products  being  CO,  COo 
and  H2O. 


REACTION  OF  METHANE  WITH  STEAM  AND  CARBON  DIOXIDE  TO  PRODUCE  WATER  GAS 

The  production  of  water  gas  by  way  of  the  hydrolysis  of  methane  is  an  exothermic  re¬ 
action  which  requires  a  temperature  of  about  1,000°  C.  for  practically  complete  conversion 
of  the  methane.  About  the  same  temperature  is  essential  for  the  reaction  with  carbon  dioxide. 
Fisher  and  Tropsch®^  investigated  the  activity  of  a  variety  of  materials  as  catalysts  for 
the  CO2  reaction.  Copper,  iron.  Mo,  and  W  were  found  to  have  little  or  no  catalytic  activity 
at  350°  C.,  whereas  CO  or  Ni  promoted  with  AI2O2  is  an  excellent  catalyst.  Hawk,  Golden, 
Storch,  and  Fieldner®”  found  Co  to  be  a  much  poorer  catalyst  than  Ni  for  the  H2O  reaction 
They  obtained  high  conversions  using  a  Ni  catalyst  prepared  by  impregnating  an  AI2O3  +  clay 
refractory  (corundite)  with  Ni(N03)2  solution  and  subsequently  reducing  to  metallic  nickel. 
Their  process  consists  of  alternately  blasting  the  catalyst-filled  converter  with  CH.i  +  Oo 
and  then  CH4  +  H2O.  Purging  after  the  heating  blast  is  of  course  essential  to  remove  N2, 
CO2,  etc. 


53  Bone,  W.  A  ,  Formation  of  Methyl  Alcohol  by  Diront  Oxidation  of  Methane'.  Nature,  vol.  127,  1931,  p.  431. 

54  Fischer,  F.,  and  Tropsch,  H  ,  Die  Umwandlung  von  Methan  Ip  Fasserstoff  und  Kohlenoxld.  Brenn.  Chem.  vol.  9. 

1928,  p.  39. 

5£  Hawk,  C.  0.,  Golden,  P.,  Storch,  H.  H.,  and  Fioldner,  A.  C.,  The  Converelon  of  Methane  to  Carbon  Monoxide  and 
Hydrogen;  Ind.  and  Eng.  Chem  To  be  published. 
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Gluud,  Klempt,  Brodkort,  et  al.,®®  found  it  possible  to  use  an  alloy  tube  (20  per  cent 
of  Ni,  25  per  cent  of  Cr,  55  per  cent  of  Fe)  and  external  heating,  on  the  catalytic  (Ni  on 
burned  dolomite  or  on  AI2O3)  hydrolysis  of  methane.  There  was,  however,  a  slow,  but  con¬ 
tinuous  loss  in  weight  by  the  alloy  tube, 

Peters  and  Pranschke®^  studied  .the  reaction  of  methane  with  H2O  and  COo  in  the  electric 
discharge.  At  50  millimeters  pressure  they  obtained  quantitative  conversion  to  CO  +  H2  when 
the  current  density  was  sufficiently  high.  At  lower  current  densities  varying  quantities  of 
acetylene  were  obtained.  Their  most  interesting  result  was  the  conversion  of  a  mixture  of 
ICOo  +  2CH 1  into  a  gas  which  contained  26.1  per  oent  of  CO,  53.3  per  cent  of  H?,  10.0  per 
cent  of  C2H2.  4.7  per  cent  of  CO2.  3.6  per  cent  of  CH.i,  and  1.04  per  cent  of  higher  hydro¬ 
carbons.  Such  a  product  would  be  excellent  raw  material  for  gasoline  production. 

The  catalytic  hydrolysis  of  methane  at  high  pressures  and  at  250  to  500°  C.  is  claimed 
by  Dreyfuss®®  to  yield  methanol  and  higher  alcohols. 

REDUCTION  OF  METALLIC  OXIDES  BY  METHANE 

The  use  of  methane  (or  natural  gas)  for  metallurgical  purposes,  has  received  compara¬ 
tively  little  attention.  Bouton®®  studied  the  reduction  of  hematite  to  magnetite  by  methane- 
hydrogen  mixtures  and  found  the  methane  reaction  to  be  slow.  Thus  even  at  900°  C.  the  time 
of  contact  required  for  90  per  cent  utilization  of  the  methane  was  34  seconds.  Thermodynamic 
calculations  made  by  the  writer  indicate  that  it  may  be  possible  to  reduce  either  hematite 
or  magnetite  to  metallic  iron  by  methane  without  carbon  deposition  if  a  reaction  temperature 
above  650°  C.  is  employed.  Below  this  temperature  carbon  deposition  is  practically  certain 
to  occur,  whereas  above  it  some  temperature  may  be  found  at  which  a  sufficiently  rapid  rate 
of  reduction  combined  with  little  or  no  carbon  deposition  is  obtained.  Preliminary  experi¬ 
ments  by  the  Bureau  of  Mines  indicate  that  about  900°  C.  is  essential  for  a  sufficiently 
rapid  reaction  rate,  and  that  if  methane  free  from  higher  hydrocarbons  is  used,  little  or  no 
carbon  deposition  occurs.  The  reductions  of  both  hematite  and  magnetite  are  endothermic, 
and  1,500  to  2,000  B.t.u.  (depending  upon  the  character  of  the  ore  and  the  temperature  of 
reduction)  must  be  supplied  per  pound  of  metallic  iron  produced. 

The  reduction  of  zinc  oxide  by  methane  was  subjected  to  a  thermodynamic  analysis  by 
C.  G.  Maiei®®  who  found  870°  C.  to  be  the  minimum  temperature  necessary  to  avoid  carbon  de¬ 
position.  Subsequent  experimental  work  by  Doerner®^  showed  that  in  the  temperature  ro.nge 
975  to  1,000°  C.  little  or  no  carpon  is  deposited  and  tne  rate  of  redaction  of  zinc  oxide 
and  vaporization  of  zinc  metal  is  sufficiently  rapid  to  compare  favorably  with  that  obtained 
from  retorts  by  standard  practice.  The  metal  produced  is  of  exceptional  purity. 


56  Gluud,  G.,  Klemot,  W. ,  Brodkort,  F. .  et  al.,  Ber.  Ges.  fur  Kohlentechnik  mb.H.  'WasserstofX  Heft",  vol.  3,  1930, 
pp.  211-370. 

57  Peters,  K.,  and  Pranscke,  A.,  Die  Umsetzunp  des  Methans  mit  Kohlendioxtd  und  Wasserdatpf  in  Elektrlschen  Entladun- 
gen;  Brenn.  Chem.,  vol.  11,  1930,  p.  473. 

53  Dreyfuss,  French  Patent  693,094,  June  26,  1930. 

59  Bouton,  C.  M.  ,  The  Rat?  of  Reduction  of  Hematite  to  Magnetite  by  Methane:  Rept.  of  Investigations  2381,  Bureau 

of  Klines,  1922,  9  pp. 

CO  Maier,  C.  G. ,  Zinc  Smelting  from  a  Cnemioal  and  Thermodynamic  Viewpoint:  Bull.  324,  Bureau  of  Vines,  1930,  93  pp. 

61  Doerner,  H.  A.,  Reduction  of  Zinc  Oxide  by  Methane  or  Natural  Gas:  Rept.  of  Investigations  3091,  Bureau  of  Mines. 

1931,  14  pp. 
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Experiments  on  the  reduction  of  copper  and  cobalt  oxides  by  methane  are  reported  by 
Campbell  and  Gray.  Carbon  dioxide  and  water  are  the  chief  products  in  the  temperature 
range  studied — namely,  300  to  650°  C. 

SYNTHESIS  OF  HYDROGEN  CYANIDE  FROM  METHANE  AND  AMMONIA 

Hydrogen  cyanide  has  for  a  long  period  of  years  been  produced  by  the  treatment  of  sodium 
cyanide  with  sulphuric  acid.  In  recent  years  the  synthesis  of  formamide  from  CO  and  NH3  has 
led  to  experimentation  on  the  catalytic  dehydration  of  formamide  to  produce  HCN.  Research 
on  the  synthesis  of  HCN  directly  from  CO  and  NH3  has  also  received  the  attention  of  Bredig, 
Elod,  at  al . The  best  yield  obtained  by  these  experimenters  was  when  using  a 
twentyfold  excess  of  CO  at  700°  C.  and  a  cerium  oxide-alumina  catalyst;  65  per  cent  conver¬ 
sion  of  NH3  to  HCN  with  14  per  cent  loss  of  NH3  by  decomposition.  The  synthesis  of  HCN  from 
hydrocarbons  and  ammonia  by  the  use  of  contact  catalyst  was  investigated  by  Bredig,  Elbd, 
and  Demme.  The  yields  with  equimolar  mixtures  of  NH3  with  CH.},  C.jHo,  and  C2H4  were  rs 
follows: 

Table  4.-  Formation  of  HCN  from  hydrocarbons 


Reactants 

Catalyst 

Temp . , 

°c._ 

NH3  converted 
to  HCN. 

per  cent 

NH3  lost  by 
decomposition, 

per  cent 

NH3  +  C2H4 

SiO  2  +  A1 2O  3 

800 

71.5 

19.5 

NH3  +  C2H2 

AI2O3 

800 

40.0 

23.6 

NH3  +  CH4 

AI2O3 

1000 

10.7 

89.3 

The  reaction  of  methane  with  ammonia  to  form  HCN  appears  to  proceed  by  way  of  acetylene 
or  ethylene  for  no  appreciable  quantities  of  HCN  are  formed  until  temperatures  close  to 
1,000°  C.  are  employed. 

Fischer  and  Peters'*^  found  that  when  an  excess  of  nitrogen  is  added  to  CH4  and  the  mix¬ 
ture  passed  through  an  electric  discharge  (about  5,000  volts  for  40  centimeters  electrode 
distance),  the  methane  is  practically  completely  converted  to  HCN.  Subsequently  Peters  and 
Kuster*’*  studied  the  reaction  between  methane  and  ammonia  in  the  electric  discharge.  They 
used  a  5  by  75  centimeter  tube  containing  electrodes  of  Krupp  V2A  steel  40  centimeters  apart. 


62  Campbell,  J.  R.,  and  Gray,  T  ,  The  Influence  of  various  Catalysts  in  Promoting  the  Oxidation  of  Motnane  by  Mennr 
of  Copper  Oxide:  Jour.  Soo.  Cnem.  Ind.,  vol.  49,  1930,  p.  447. 

63  Bredig,  G.  ,  Elod,  E. ,  and  KUller,  Rudolf  K. ,  Zur  Kenntnis  der  Katalytisclien  Blausaurebildung .  Pan  III  -  Blausaure 
bildung  aus  Kohlenoxyd  und  Aaaoniak:  Ztsohr.  Elektrochem. ,  vol.  36.  1930,  p.  1003. 

64  Bredig,  G.,  Eibd,  E. ,  and  Kortili.  G.,  Zur  Kenntnis  der  Katalytischen  Blausaurebildung.  Part  IV.  Blausaurebildung 
aus  Kohlenoxyd  und  Ammoniak;  Ztschr.  Electrochem. ,  vol.  36,  1931,  p.  1007. 

65  Bredig,  G.,  Elbd,  E.,  and  Kdnig,  Halter,  Zur  Kenntnis  der  Katalytischen  Blausaurebildung.  Part  V  -  Ooer  Ceroxyd 
als  Katalysator  bei  der  Blausaurebildung:  Ztschr.  Elektrochem. ,  vol.  37,  1931,  p.  2. 

66  Bredig,  G. ,  Elbd,  E.,  and  Demme,  Ernst,  Zur  Kenntnis  der  Katalytischen  Blausaurebildung.  Part  II  -  Blausaure¬ 
bildung  aus  Kohlenwasserstof fen  und  Ammoniak:  Ztschr.  Elektrochem.  vol.  36.  1930,  p.  991. 

67  See  footnote  44. 

68  Peters,  K.,  and  1. (liter,  H.,  Blausaurebildung  in  Eloktrischen  Entladungen:  Brenn.  Chem.,  vol.  12.  1931,  p.  122. 
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One  phase  of  220-volt  50-cycle  current  was  fed  to  a  220/10,000  volt  transformer  to  furnish 
high-voltage  current.  They  found  that  at  120  liters  per  hour  of  flow  of  ICH4  +  INH3  at  20  to 
40  millimeters  pressure  and  an  energy  consumption  of  2.0  kilowatts,  about  70  per  cent  of  the 
CH4  was  converted  to  HCN  with  23.5  per  cent  loss  of  NH3.  In  this  experiment  the  highest 
power  input  investigated  by  them  was  employed,  and  it  is  probable  that  higher  conver.sions 
can  be  obtained  with  higher  current  densities.  The  following  table  shows  their  results  on 
the  influence  of  the  ratio  of  CK4  to  NH3,  the  experiments  being  conducted  in  the  apparatus 
described  above,  and  the  gas  flow  being  about  120  liters  per  hour  in  each  case. 

Table  5.-  Influence  of  CHj/NHa  ratio  on  HCN  production  by  electric  discharge 


Experi¬ 

ment 

No . 

1 

CH4, 

per 

cent 

NH3, 

per 

cent 

Volt¬ 

age 

Pres¬ 

sure, 

mm.Hg 

|cH4  con¬ 
verted 

to  HCN, 

per  cent 

NH3  con¬ 
verted 

to  HCN, 

cer  cent 

i 

CH4  con¬ 
verted 

to  C  2H  2, 
per  cent 

NH3  de¬ 
composed, 
per  cent 

Higher 
hydrocar¬ 
bons  in 
off  gas, ^ 
per  cent 

11 

30 

70 

6460 

35 

90.3 

38.7 

3.9 

62.4 

0.3 

5 

50 

50 

5820 

30 

66.6 

66.7 

18.1 

23.4 

3.2 

7 

50 

50 

5640 

23 

69.7 

69.7 

17.1 

23.5 

2.7 

9 

70 

30 

5820 

27 

38.0 

88.9 

48.0 

9.4 

9.6 

10 

85 

15 

5640 

28 

22.2 

100.0 

58.7 

0.0 

12.8 

1  Mainly  acetylene. 

Experiment  No.  10  is  of  special  interest,  for  combined  with  complete  conversion  of  NH3 
to  KCN,  53.7  per  cent  of  the  CH4  is  obtained  as  acetylene. 

HALOGENATION  OF  METHANE 

The  data  cn  the  reactions  of  methane  and  of  other  hydrocarbons  with  the  halogens  has 
been  very  recently  summarized  by  Egloff,  Schaad,  and  Lowry®®  so  that  it  is  unnecessary  to 
review  such  literature  here.  Our  knov/ledge  of  the  chemistry  of  the  halogenation  of  methane 
is  in  a  much  more  satisfactory  state  than  any  other  of  its  reactions,  although  there  is 
ample  opportunity  for  further  research,  as  indicated  by  Egloff,  et  al. 

SUMMARY 

A  brief  critical  review  of  the  more  important  data  on  the  physical  and  chemical  proper¬ 
ties  of  methane  is  presented,  the  primary  object  being  to  provide  an  introduction  to  further 
research  on  the  utilization  of  waste  natural  gas.  Perhaps  the  most  interesting  section  of 
this  review  concerns  the  thermal  decomposition  of  methane.  Some  suggestions  concerning  the 
mechanism  of  this  decomposition  are  presented.  The  first  section  of  the  paper  presents  the 
thermodynamic  properties  of  methane,  and  subsequent  sections  discuss  the  thermal  and  elec¬ 
trical  decompositions,  the  oxidation  by  oxygen,  carbon  dioxide,  and  metal  oxides,  the 
hydrolysis  by  steam,  and  the  synthesis  of  hydrogen  cyanide  in  the  electric  discharge  from 
methane  and  nitrogen. 


69  Egloff,  G.,  Schaad,  R.  E.,  and  Lowry,  C.  0.,  jr.,  Halogenation  of  the  Paraffin  Hydrocarbons:  Chem.  Rev.,  vol.  8, 
1931,  p.  1, 
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MILLING  METHODS  AND  COSTS  AT  THE  SUPERIOR  CONCENTRATOR 
OF  THE  ENGELS  COPPER  MINING  CO.,  PLUMAS  COUNTY,  CALIF.* 

By  W.  I.  Nelson^ 

INTRODUCTION 

This  paper,  which  describes  the  milling  practice  of  the  Engels  Copper  Mining  Co.,  is 
one  of  a  series  on  milling  methods  being  prepared  for  and  published  by  the  United  States 
Bureau  of  Mines. 
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GENERAL  DESCRIPTION 

The  mill  of  the  Engels  Copper  Mining  Co.  is  located  in  Lights  Canyon,  Plumas  County, 
Calif.,  22  miles  by  railroad  from  Paxton  on  the  Western  Pacific  Railroad.  The  mill  treats 
ore  from  two  mines,  the  Engels  and  the  Superior,  in  the  proportion  of  8  :  2,  respectively. 
The  Engels  ore  is  mined  entirely  by  the  shrinkage-stope  system,  the  ore  being  broken  to  pass 
11-inch  spaces  between  grizzly  rails.  In  the  Superior  mine  the  pitch  of  the  veins  varies 
from  35  to  85°  from  the  horizontal.  The  steep  veins  are  mined  by  shrinkage  stopes  and  the 
flat  veins  by  the  room  and  pillar  system.  No  timber  is  used  to  support  the  walls  in  either 
mine.  The  ore  from  the  Engels  mine  is  delivered  to  a  concrete  mill  bin  in  6-ton  capacity 
cars,  which  are  dumped  by  a  revolving  tipple.  The  Superior  ore  is  dumped  into  a  steel  mill 
bin  by  5-ton  capacity  skips  operated  in  a  vertical  shaft. 

The  concentrator  can  treat  1,500  tons  of  ore  per  day,  but  averages  only  1,000  tons 
per  day  owing  to  the  limited  capacity  of  the  mines. 

Water  for  milling  purposes  flows  to  the  concontrator  by  gravity  except  during  excep¬ 
tionally  cold  spells  in  winter  and  the  dry  months  of  fall;  at  such  periods  additional  water 
is  pumped  from  Lights  Creek,  a  lift  of  350  feet. 

Electric  power  is  purchased  from  the  Great  Western  Power  Co.  and  this  supply  is  supple¬ 
mented  during  the  spring  and  winter  months  by  400  hp.  generated  locally  by  water  power. 

ORE  TREATED 

The  copper  minerals  in  the  ore  are  principally  chalcopyrite  and  bornite  in  the  average 
proportion  of  3  :  2,  respectively.  During  1929  the  heads  averaged  1.524  per  cent  of  copper 
and  from  concentrates  returns  were  estimated  to  contain  SO. 11  in  gold  and  0.345  ounce  of 
silver  per  ton.  In  the  Superior  mine,  the  vein  gangue  is  chiefly  a  fine-grained  tourmaline 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used; 

"Reprinted  from  United  States  Bureau  of  Mines  Information  Circular  6550." 

2  -  General  superintendent,  Engels  Copper  Mining  Co.,  and  consulting  engineer.  United  States  Bureau  of  Mines. 
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which  occurs  in  a  hard  quartz  monzcnite.  The  chalcopyrite  and  bornite  occur  in  v/idely  vary¬ 
ing  proportions  scattered  through  the  vein  matter.  Several  veins  carry  small  amounts  of 
tetrahedrite,  usually  high  in  silver  content,  and  minor  amounts  of  galena  and  sphalerite. 
In  the  Engels  mine  the  copper  minerals  occur  in  altered  diorite;  the  chalcopyrite  and  bornite 
are  much  more  intimately  mixed  than  is  the  case  at  the  Superior  mine  and  occur  in  an  inter¬ 
woven  network  of  stringers  and  in  fine-grained  disseminations  through  the  rock.  Magnetite 
generally  occurs  through  the  ore  zone  in  sufficient  quantities  to  cause  pieces  of  ore  to  be 
lifted  when  brought  into  a  powerful  magnetic  field.  Pyrite  is  present  in  very  small  amounts, 
but  does  not  constitute  a  problem  in  flotation  treatment. 

On  account  cf  the  fineness  of  the  sulphide  particles  in  the  disseminated  portions  of  the 
orebody  it  is  necessary  to  grind  the  ore  very  fine  in  order  to  make  a  satisfactory  extraction 
and  fairly  clean  concentrates. 

HISTORY  OF  CONCENTRATOR  OPERATIONS 

A  small  mill  of  150  tons  capacity  per  day  was  erected  at  the  Upper  Camp  of  the  Engels 
mine  in  1914.  The  capacity  was  increased  later  to  400  tons  per  day  by  the  addition  of  an- 
cther  grinding  unit.  It  is  understood  that  this  mill  was  one  of  the  first,  if  not  the  first, 
in  the  United  States  to  practice  the  all-flotation  method  of  treatment.  This  plant  treated 
practically  all  of  the  oxidized  ore  from  the  upper  workings  of  the  mine,  and  copper  losses 
in  the  tailings  were  naturally  high  on  this  account.  Chalcocite  occurred  in  both  the  sooty 
and  clean  steel-gray  mineral  varieties,  neither  of  which  appeared  to  give  any  + rouble  in 
flotation  operations. 

In  this  mill  the  primary  grinding  was  done  by  two  ball  mills;  one  8-foot  by  36-inch 
Hardinge,  and  one  5  by  6  foot  Allis-Chalmers .  The  coarser  sands  contained  in  the  pulps  of 
the  primary  mills  were  further  reduced  by  tube  mills. 

The  ground  pulp  frcm  the  Hardinge  unit  was  treated  in  four  Callow  cells  which  produced 
finished  concentrates  and  tailings.  The  tailings  w’eie  given  additional  flotation  treatment 
in  an  IS-inch  Minerals  Separation  machine  which  produced  finished  concentrates,  middling 
froths,  and  finished  tailings.  The  middlings  were  retreated  in  the  cleaner  cells  of  the 
Allis-Chalmers  unit. 

The  pulp  from  the  Allis-Chalmers  unit  was  divided  between  one  12-inch  and  one  18-inch 
Minerals  Separation  machines.  The  18-inch  machine  also  handled  the  tailings  of  the  primary 
Callow  cells  of  the  Hardinge  unit.  These  machines  produced  concentrates,  which  were  cleaned 
by  a  set  cf  Callow  cells,  and  final  tailings.  The  cleaner  cells  produced  finished  concen¬ 
trates  and  middlings  which  were  returned  to  the  tube  mills  for  additional  grinding. 

Until  1917,  when  the  Indian  Valley  Railroad  was  completed  to  Engels,  the  concentrates 
were  trammed  dov/n  the  hill,  a  distance  of  1  mile,  and  then  hauled  by  truck  to  Keddie.  The 
transportation  of  concentrates  and  supplies  by  truck  during  the  winter  months  over  dirt  roads 
and  fountain  grades  was  a  source  of  much  trouble. 

In  1918  a  new  concentrator  was  completed.  This  plant,  located  near  the  Superior  mine 
and  at  an  elevation  which  is  1,000  feet  lower  than  the  first  mill,  treated  ores  from  both  the 
Engels  and  Superior  mines.  The  Engels  ore  was  trammed  from  the  mine  to  a  jaw  crusher  located 
near  the  portal  of  the  No.  6  tunnel.  After  crushing,  the  ore  was  transported  to  the  new  mill 
by  an  aerial  tram. 

The  grinding  unit  as  first  operated  in  the  new  concentrator  comprised  two  primary  ball 
mills,  one  8  by  6  foot  Marcy  and  one  8~fcct  by  36-inch  Hardinge,  with  two  6  by  12  foot  tube 
mills  for  secondary  grinding.  Owing  to  the  toughness  of  the  ores  from  the  Superior  mine  and 
from  the  deeper  workings  of  the  Engels  mine  the  capacity  of  the  Marcy  mill  operating  on 
coarse  feed  was  far  frcm  expectations.  A  set  of  rolls  was,  therefore,  installed  to  reduce 


9984 


-  2  - 


I. C. 6550. 


the  size  of  the  feed  to  this  mill.  The  rolls  received  as  feed  the  oversize  of  a  trommel 
having  2-inch  holes,  and  after  one  pass  through  the  rolls  the  ore  was  conveyed  to  the  ball- 
mill  feed  bins. 

As  the  mine  production  increased,  two  8-foot  by  36-inch  Hardinge  mills  were  added  to 
increase  primary  grinding  capacity.  When  the  old  mill  was  dismantled,  one  7  by  10  foot 
ball-tube  mill  and  one  8-foot  by  36~inch  Hardinge  mill  were  moved  to  the  new  concentrator 
and  installed  as  secondary  grinding  units.  These  changes  were  completed  in  1920  and  since 
that  time  only  minor  changes  have  been  made  in  the  primary  and  secondary  grinding  units. 
The  7  by  10  foot  ball-tube  mill  was  reduced  to  6  by  10  foot  size  by  lining  the  shell  with 
6  by  6  inch  timbers  and  covering  these  with  cast-iron  liners.  A  model  D  classifier  was 
moved  from  a  primary  Hardinge  mill  to  the  6  by  10  foot  tube  mill  in  order  to  increase  the 
capacity  of  the  latter  by  operating  it  with  a  greater  circulating  load.  The  Hardinge  mill, 
from  which  this  cla.ssifier  was  moved,  is  now  operated  in  circuit  with  a  model  C  classifier. 
The  model  C  machine  handles  the  load  in  a  satisfactory  manner  when  operated  in  open  circuit 
with  the  ball  mill  but  mu.st  be  watched  closely  when  operating  in  closed  circuit  to  guard 
against  overloading.  A  classifier  drainage  sump  was  installed  to  facilitate  the  starting  up 
of  grinding  units  after  power  interruptions. 

A  concrete  ore  bin  was  built  upon  completion  of  the  No.  10  tunnel  and  the  dismantling 
of  the  aerial  tram  in  1924.  The  jaw  crusher  and  the  No.  6  K  Gates  crusher  were  also  in¬ 
stalled  at  this  time.  In  1926  the  trommels  were  replaced  by  Hum-mer  screens.  These  screens 
had  1^-inch  openings  and  the  rolls  were  operated  in  closed  circuit  with  them.  This  arrange¬ 
ment  produced  primary  ball-mill  feed  of  l|-inch  maximum  size;  this  size  was  the  smallest 
that  could  be  employed  with  the  equipment  in  service.  Mill  tests,  however,  indicated  that 
costs  could  be  further  decreased  by  feeding  finer  material  to  the  primary  grinding  mills.  As 
this  change  would  mean  a  considerable  expenditure  for  the  installation  of  another  fine-crushing 
machine,  the  plan  was  never  completed. 

In  1920  one  18-inch  Minerals  Separation  flotation  machine  was  added  to  supplement  the 
24-inch  machine  originally  installed.  Later,  a  20  by  10  foot  surge  tank  was  added  in  order 
to  maintain  a  more  constant  feed  to  the  flotation  circuit.  A  second  24-inch  Minerals  Separa¬ 
tion  machine  was  installed  in  1922  to  relieve  the  overloaded  conditions  of  the  18-inch  and 
original  24-inch  machines.  Scavenger  pneumatic  flotation  cells  were  also  added  at  this  time 
for  additional  treatment  of  the  tailings  of  the  Minerals  Separation  machines. 

The  original  equipment  for  cleaning  rougher  flotation  middlings  and  concentrates  of  the 
primary  machines  comprised  two  pneumatic  cleaners  which  handled  middlings  and  one  finishing 
pneumatic  cleaner  cell  which  handled  the  concentrates.  The  concentrates  of  the  pneumatic 
cells  handling  middlings  were  recleaned  in  the  finishing  machine.  The  tailings  from  all 
pneumatic  cleaner  cells  were  returned  to  the  heads  of  the  primary  roughers.  The  amount  of 
sulphide  minerals  returned  to  the  head  of  the  primary  roughers  in  the  tailings  products  of 
the  cleaner  cells  was  considerably  decreased  in  the  latter  part  of  1921  by  installing  addi¬ 
tional  cells  to  operate  in  series  with  the  pneumatic  cleaners. 

The  tabulation  which  follows  shows  the  average  tonnage  of  ore  milled  per  day,  the  aver¬ 
age  copper  content  of  heads,  the  average  grade  of  concentrates  produced,  the  average  extrac¬ 
tion,  and  the  average  milling  cost  for  each  year  of  the  period  1920  to  1929,  inclusive. 
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Average  tonnage  milled  per  day. _ copper  contents  of  heads,  grade  of  concentrates,  extraction 

and  milling  cost,  .1920-1929 


Year 

Ore  milled  per  day. 

1 

As.say  of  head.s,  j 

Grade  of  concentrates. 

! 

Extraction, ! 

Cost  per  ton 
of  ore  milled 

tons 

per  cent  copper 

per  cent  copper 

per  cent 

doll ars 

1920 

658 . 20 

2.210 

29.76 

80.93 

1.2407 

1921 

340.70 

2.224 

29.00 

84.48 

1.0332 

1922 

1  994.40 

1  2.218 

28.55 

87.13 

0.9310 

1923 

1  1,050.74 

1  2.134 

28.99 

88.73 

.8314 

1924 

1  962.76 

1  2 . 054 

1  27.89 

39.40 

.8486 

1925 

1,134.62 

1  1.979 

27.75 

93.16 

.7460 

1926 

1,164.70 

1  1.785 

24.32 

38.66 

.6778 

1927 

1,062.63 

1  1.788 

27 . 47 

88.14 

.  6758 

1928 

985 . 90 

1.710 

27.79 

91.58 

.6780 

1929 

1,091.20 

1.524 

27.76 

91.34 

.6529 

PRESENT  METHOD  OF  CONC.ENTRATING 

A  plan  showing  the  general  arrangement  of  machines  is  presented  in  Figure  1,  and  a 
typical  section  of  the  concentrator  is  shown  in  Figure  2. 

A  general  summary  of  method  of  treatment  follows. 

The  ore  is  reduced  to  11- inch  size  for  ball-rniil  feed  by  primary  and  secondary  jaw  and 
gyratory  breakers  followed  by  rolls  which  operate  in  closed  circuit  with  Hum-mer  screens. 

Grinding  is  done  in  two  stages  by  ball  mills. 

The  ground  product  contains  87  per  cent  of  minus  ICO-mesh  material  and  is  treated  in 
three  Minerals  Separation  flotation  machines  which  produce  finished  concentrates  and  three 
middlings  products  of  different  grades. 

The  middlings  are  retreated  in  pneumatic-type  flotation  machines.  Theso  cells  produce 
finished  concentrates  and  middlings  which  are  returned  to  the  head  of  the  flotation  circuit. 

The  concentrates,  after  dewatering,  are  loaded  into  gondola  cars  and  shipped  to  the 
Garfield  plant  of  the  American  Smelting  and  Refining  Co. 

The  tailings  pulp  is  conveyed  in  flumes  a  distance  of  ^  ,mile  down  the  canyon,  where  the 
coarser  solids  are  removed.  The  slime  pulp  is  conveyed  an  additional  4  miles  in  flumes  and 
impounded. 

Co a rse  Crushing 

The  flow  sheet  of  crushing  and  grinding  operations  is  presented  in  Figure  3. 

The  concentrator  is  provided  with  two  coarse-ore  storage  bins,  one  for  ore  from  each 
mine.  Each  storage  bin  is  served  by  a  separate  coarse-crushing  unit.  The  arrangeinent  is 
flexible  in  that  ore  from  one  bin  may  be  fed  to  the  crushing  unit  which  serves  the  other  bin. 

The  size  of  openings  in  mine  grizzlies  is  governed  by  the  ability  of  the  rock  to  flow 
freely  through  the  chutes  which  follow  the  grizzlies.  In  the  case  of  ore  drawn  directly  from 
stopes  into  the  mill  ore  train,  occasional  pieces  are  so  large  that  they  have  to  be  plugged 
and  either  blasted  or  broken  by  key  and  feather  before  they  can  be  fed  into  the  crusher. 

The  bin  for  Superior  mine  ore  is  a  24  by  30  foot  steel  tank  having  a  live  capacity  of 
about  500  tons.  Ore  is  drawn  through  a  5  by  8  foot  opening  in  the  bottom  of  the  bin  by  a 
30-inch  pan  conveyor  which  feed.s  one  of  the  coarse-crushing  units. 

-  4  - 
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The  storage  bin  for  Engels  ore  is  built  of  concrete,  reinforced  by  16-pcund  rails  in 
the  sides  and  85-pound  rails  around  the  chute  openings.  The  inside  of  the  bin  is  lined  with 
discarded  manganese-steel  ball-mill  liners  to  prevent  abrasion.  The  bin  has  a  live  capacity 
for  550  tons  of  ore.  Two  side  openings  are  provided  which  allow  ore  to  be  fed  to  either  of 
the  two  coarse  crushing  units.  The  feed  to  one  of  these  units  is  drawn  from  the  bin  through 
an  opening,  5  feet  wide  and  8  feet  high,  by  a  rotary  feeder.  The  feed  to  the  other  unit  is 
drawn  through  a  corner  opening,  which  is  4  feet  wide  and  8  feet  high,  by  a  pan  conveyor. 
This  latter  opening  is  equipped  with  three  85-pound  rails  placed  across  the  top  and  spaced 
S  inches  apart  which  makes  the  net  opening  4  feet  wide  by  5  feet  high. 

The  crushing  unit  for  Superior  ore  comprises  one  No.  8  primary  Traylor  gyratory,  which 
crushes  to  3-inch  size,  followed  by  two  secondary  crushers,  one  a  No .  5  Superior  McCully  and 
the  other  a  No .  6  K  Gates,  which  crush  to  approximately  2-inch  size.  The  secondary  crushers- 
operate  in  parallel,  each  receiving  as  feed  a  portion  of  the  primary-crusher  product.  The 
three  crushers  are  driven  from  a  line  shaft  which  in  turn  is  driven  by  a  150-hp.  induction 
motor.  When  the  three  crushers  are  driven  from  the  line  shaft  without  loads  the  motor  re¬ 
quires  an  input  of  25  kilowatts  and  with  full  loads  64  kilowatts.  The  No.  8  primary  crush¬ 
er  operates  at  a  speed  of  ICO  r.p.m.,  the  No.  5  McCully  at  125  r.p.m.  and  the  No.  6  Gates  at 
140  r.p.m.  The  No.  5  McCully  and  the  No .  6  K  Gates  crushers  have  capacities  of  50  and  65 
tons  of  ore  per  hour,  respectively. 

The  crushing  unit  for  Engels  ore  comprises  one  24  by  36  inch  Blake-type  crusher  set  to 
crush  to  5-inch  size  followed  by  one  No.  6  K  Gates  machine  which  crushes  to  approximately 
2-inch  size.  The  primary-crusher  product  of  this  unit  can  be  by-passed  to  the  secondary 
crushers  of  the  other  unit  by  means  of  a  24-inch  belt  conveyor.  The  Blake  crusher  is  driven 
at  a  speed  of  222  r.p.m.  from  a  line  shaft  by  two  12-inch,  6-ply  belts.  At  this  speed  it 
handles  65  tons  of  ore  per  hour.  The  secondary  crusher  is  driven  at  a  speed  of  140  r.p.m. 
from  the  same  line  shaft  and  can  handle  60  tons  of  primary-crusher  product  per  hour,  with  the 
minus  1:|— inch  material  removed  by  a  grizzly  ahead  of  the  machine.  The  line  shaft  for  this 
unit  is  driven  by  a  150-hp.  slip-ring  motor.  With  both  crushers  operated  at  full  load  the 
motor  takes  from  90  to  125  kilowatts;  without  loads  it  requires  45  kilowatts.  With  the 
secondary  crusher  disconnected  and  the  primary  crusher  operated  at  full  load  the  motor  takes 
65  kilowatts  and  without  load  requires  36.5  kilowatts. 

Grizzlies,  4  feet  wide  and  with  3-inch  spaces,  are  placed  ahead  of  the  primary  crushers 
of  both  units.  The  undersize  removed  amounts  to  about  20  per  cent  of  the  total  feed.  The 
manganese-steel  grizzly  bars  are  4  feet  long  and  are  set  at  an  inclination  of  34°  to  the 
horizontal.  The  secondary  crushers  are  served  by  grizzlies  with  1-^-inch  spaces. 

Both  crushing  units  are  operated  at  the  same  time  when  feed  for  both  is  available.  As 
previously  stated,  the  No.  8  primary  machine  can  be  fed  from  either  ore  bin  and  the  ore  feed 
is  changed  frequently  during  the  shift  from  one  to  the  other.  The  average  tonnage  of  ore 
handled  by  the  entire  coarse-crushing  plant  amounts  to  100  tons  per  hour. 

The  operating  crew  for  coarse  crushing  comprises  three  men  per  shift.  One  man  operates 
the  feeders  and  watches  the  jaw  and  gyratory  crushers  in  order  to  keep  them  running  properly. 
Owing  to  the  wet  sticky  nature  of  the  ore  from  the  Engels  mine,  a  clean-up  man  is  required 
to  dispose  of  muck  dropped  from  the  return  side  of  the  conveyor  belts.  The  third  man  breaks 
oversize  pieces  of  ore  at  the  concrete  bin  openings  and  also  assists  the  clean-up  man.  At 
times  the  wet  sticky  ore  requires  additional  labor  to  keep  the  plant  functioning. 

Table  1  gives  a  screen  analysis  of  the  coarse-crushing  plant  product. 
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Inieiisd  ia  te_Crush.i  ns 

The  products  of  both  coarse-crushing  units  join  and,  after  passing  over  a  Merrick 
weightomete'’,  are  fed  to  t’vo  Hum-aer  screens  which  have  Ij— inch  holes.  These  screens  operate 
in  closed  circuit  with  a  pair  of  54  by  24  inch  rolls.  The  rolls  receive  the  oversize  of  the 
screens  as  feed  and,  after  crushing,  the  product  is  returned  to  the  screens  by  a  bucket 
elevator  and  belt  conveyor. 

The  undersize  of  the  screens  provides  feed  to  the  primary  grinding  mills  and  is  dis¬ 
tributed  into  four  steel  bins,  one  bin  serving  each  grinding  unit.  Each  bin  is  24  by  30 
feet,  has  a  total  capacity  of  850  tons  and  a  live  capacity  of  500  tons. 

The  rolls  are  spaced  J  inch  apart  and  are  driven  at  a  speed  of  44  r.p.m.  by  bolts  from 
a  line  shaft  which  is  in  turn  driven  by  a  100-hp.  induction  motor.  Various  roll  speeds  have 
been  tried  but  when  operated  at  a  higher  speed  than  present  practice  choking  resulted  which 
decreased  capacity.  New  roll  shells  have  an  outside  di?., meter  of  55f  inches  and  last  from  4 
tc  6  months.  The  consu.mption  of  roll-shell  steel  amounts  to  0.0716  pound  per  ton  of  ore 
crushed.  Longitudinal  corrugations  form  on  the  shells;  these  are  reduced  by  grinding  with 
carborundum  bricks  which  are  held  in  position  by  adjustable  arms.  When  grinding  the  ridges 
it  is  necessary  to  use  a  small  stream  of  water  applied  to  the  ridge  tc  secure  the  maximum 
cutting  effect. 

One  .^um-mer  screen  handles  the  product  of  the  coarse-crushing  plant  and  the  other  is 
placed  in  circuit  with  the  ro.tls.  The  screens  are  inclined  at  an  angle  of  35°  and  each  has 
an  area  of  20  square  feet  of  screen  surface.  The  vibratory  magnets  are  supplied  with  current 
by  a  motor-generator  set  equipped  with  a  5-hp.  motor.  The  power  input  of  the  motor  is  1.5 
kilowatts  when  operated  without  load  and  2.6  kilowatts  with  load.  Screens  last  about  30  days 
and  magnet  coils  from  6  to  10  months. 

One  operator  per  shift  takes  care  of  the  rolls,  elevator,  Hum-mer  screens  and  distribu¬ 
tion  of  the  crushed  ore  to  the  bins.  This  operator  is  also  responsible  for  the  proper  v/ork- 
ing  of  the  entire  crushing  plant  in  the  absence  of  the  shift  boss. 

Table  1  gives  screen  analyses  and  tonnages  of  the  feed,  and  intermediate  and  final 
products  of  the  rolls  section. 
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Table  1. — Screen  analyses  and  tonnages  of  feed,  intermediate  and  final  products  of  the  rolls 

section 


Screen  size 

Coarse  crush-  | 
ing  plant  pro¬ 
duct,  new  feed 

to  Hum-mer 

screens,  100 
tons  per  hour, 

per  cent  weight 

Hum-mer  screen  | 
oversize  from 

coarse  crush¬ 
ing-plant  pro¬ 
duct,  60  tons 
per  hour,  per 

cent  weight 

Rolls  discharge 
product,  124 
tons  per  hour, 
per  cent 
weight 

|Hum-mer  screen 
oversize  from 

rolls  product, 
64  tons  per 
hour,  per  cent 
weight 

jundersize  pro¬ 
ducts  of  both 

Hum-mer 

screens,  100 
tons  per  hour, 
per  cent 

weight 

Plus  2  inch . 

24.02 

40.03 

2.83 

5.48 

- 

Plus  1.50  inch.. 

18.97 

31.60 

7.94 

15.46 

- 

Plus  1.05  inch. 

14.84 

20.50 

30.15 

58.53 

4.23 

Plus  0.742  inch 

9.86 

7.21 

23.10 

18.85 

22.16 

Plus  0,525  inch 

7.19 

0.50 

10.36 

0.66 

19.33 

Plus  0.371  inch 

5.45 

^0.16 

7.83 

^1.12 

14.39 

Plus  3  mesh . 

3.46 

- 

3.54 

- 

7.85 

Plus  4  mesh . 

2.33 

- 

3.01 

- 

6.07 

Plus  6  mesh . 

1.84 

- 

2.00 

- 

4.32 

Plus  8  mesh . 

1.59 

- 

1.59 

- 

3.56 

Plus  10  mesh . 

0.68 

- 

1.73 

- 

2.83 

Plus  14  mesh . 

0.73 

- 

1.00 

- 

1.97 

Plus  20  mesh . 

0.85 

- 

0.63 

- 

1.63 

Plus  28  mesh . 

0.54 

- 

0.46 

- 

1.11 

Plus  35  mesh . 

0.60 

- 

0.58 

- 

1.32 

Plus  48  mesh . 

0.69 

- 

0.49 

- 

1.30 

Plus  65  mesh . 

0.64 

- 

0.15 

- 

0.82 

Plus  100  mesh.  .. 

1.13 

- 

0.34 

- 

1.25 

Plus  150  mesh.... 

0.31 

- 

0.25 

- 

0.42 

Plus  200  mesh.  .. 

1.12 

- 

0.47 

- 

1.20 

Minus  200  mesh.. 

3.39 

- 

1.55 

- 

4.24 

1  -  Minus  0.525-inch  size. 


Grinding 

There  are  four  primary  grinding  mills,  three  of  which  are  8-foot  by  36-inch  Hardinge 
mills  and  one  an  8  by  6  foot  Marcy  mill.  Each  mill,  as  previously  mentioned,  is  served  by  a 
separate  fine-ore  bin.  The  feed  to  the  grinding  mills  is  drawn  from  the  bottom  of  these 
bins  and  delivered  to  the  mills  by  conveyor  belts.  Each  primary  mill  is  equipped  with  a 
combination  scoop  feeder  and  can  be  operated  in  either  open  or  closed  oirouit  with  the  Dorr 
olassifier  which  receives  the  ground  product.  The  mills  are  normally  operated  in  open  cir¬ 
cuit,  but  when  roll  shells  are  being  replaced  they  are  operated  in  closed  circuit. 

Each  primary  mill  is  followed  by  a  secondary  grinding  mill  which  receives  as  feed  the 
sand  product  of  the  primary  classifier.  Each  secondary  mill  is  operated  in  closed  circuit 
with  a  mcdel-D  Dorr  classifier,  the  classifier  sands  being  returned  to  the  secondary  mill. 
The  combined  overflow  pulps  of  the  primary  and  secondary  classifiers  comprise  the  feed  to  the 
flotation  circuits. 

The  primary  Hardinge  mills  operate  at  slightly  different  speeds  but  average  20.5  r.p.m. 
Each  mill  is  driven  by  a  150-hp.  slip-ring  motor,  through  a  14-inch  silent  chain,  and  spur 
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gears.  The  average  power  input  to  eaoh  motor  is  110  kilowatts.  The  ball  load  is  maintained 
at  about  12  tons  by  the  addition  of  seven  5-inoh  balls  during  eaoh  shift.  The  oonsumption 
of  balls  amounts  to  1.032  pounds  per  ton  of  new  feed.  Annealed  steel  liners  are  held  in 
place  by  wedge  bars  of  the  same  material,  and  the  liner  consumption  is  0.231  pound  per  ton 
of  ore  milled.  A  chemical  analysis  of  liner  material  follows. 


Per  cent 


Silicon .  0.24 

Chromium .  0.15 

Phosphorous .  0.C28 

Manganese .  0.62 

Combined  carbon  0.S2 

Sulphur .  0.C51 


The  tabulation  which  follows  gives  the  average  life  of  each  row  of  liners  and  wedge  bars 
over  a  number  of  years. 


Average  life  of  liners  and  wedge  bars 


Location  of  row 

Liners 

V/edge  bar.® 

Row 

Life,  davs 

Row 

Life,  davs 

Feed  end  of  mill . 

A 

170 

- 

- 

Feed  end  of  mill . 

B 

242 

B 

158 

Cylinder . 

C 

204 

C 

170 

Discharge  side  cf  cylinder  . 

D 

1S2 

D 

178 

Discharge  side  of  cylinder. 

E 

408 

1  E 

1  289 

Discharge  end  of  mill . 

F 

640 

- 

- 

The  mills  are  stopped  and  inspected  every  two  weeks  of  running  time  to  replace  thin  or 
worn-out  liners.  This  procedure  is  strictly  followed  to  prevent  undue  wear  of  the  mill 
shell.  In  spite  of  this  precaution,  it  has  been  found  that  the  shell  becomes  worn  by  pulp 
flowing  between  the  ends  of  the  liner  rows  and  also  between  the  "A"  row  of  liners  and  the 
shell  which  necessitates  replacement  of  sections  of  the  shell  about  every  five  years  of  run¬ 
ning  time.  Some  experimental  work  is  being  done  with  a  rubber  lining  between  the  shell  and 
the  regular  liners,  but  definite  information  as  to  the  value  of  this  procedure  has  not  yet 
been  obtained.  The  combination  scoop  feeders  last  about  three  years  and  the  spur  pinions 
about  four  years. 

The  pulp  in  the  Hardinge  primary  mills  is  maintained  at  80  per  cent  of  solids  and  each 
mill  has  an  average  capacity  of  382  tons  of  ore  per  day  when  operated  in  open  circuit. 

The  No.  86  primary  Marcy  mill  is  driven  at  a  speed  of  21  r.p.m.  by  a  225-hp.  slip-ring 
motor  which  is  coupled  to  the  pinion  shaft  of  the  mill  by  double  disks  and  10  rubber  bush¬ 
ings.  The  gear  and  pinion  are  of  the  Fawcus  type.  The  power  input  to  the  mill  is  200  kilo- 
w’atts.  The  Marcy  mill  receives  about  one-half  of  the  sand  product  of  the  primary  Dorr  class¬ 
ifier  in  addition  to  the  new  ore  feed;  the  balance  of  the  sand  from  the  primary  classifier 
provides  feed  to  the  secondary  grinding  mill  of  this  unit.  When  operated  in  this  manner  the 
primary  mill  handles  588  tons  of  new  feed  and  200  tons  of  return  sands  per  day.  The  mill  is 
operated  with  a  ball  load  of  12.5  tons  and  this  load  is  maintained  by  the  addition  of  twelve 
5-inch  balls  during  each  shift.  The  consumption  of  balls  amounts  to  1.176  pojnds  per  ton  of 
new  feed.  Forged-steel  and  cast-steel  balls  have  been  compared  over  long  periods  with  the 
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result  that  the  cast-steel  balls  showed  a  lower  cost  per  ton  of  ore  milled.  Manganese-steel 
liners  of  the  block  type  with  corrugated  or  waved  surfaces  are  used.  The  liner  consumption 
averages  0.1814  pound  per  ton  of  new  feed.  The  pulp  in  the  mill  is  maintained  at  about  83 
per  cent  of  solids.  The  feeder  scoop  lasts  about  four  years  and  the  pinion  about  two  and  a 
half  years. 

The  secondary  grinding  mills  comprise  two  6  by  12  foot  Power  and  Machinery  Co.  ball-tube 
mills,  one  Power  and  Machinery  Co.  6  by  10  foot  mill  which,  as  previcusly  stated,  was  con¬ 
verted  from  a  7  by  10  foot  size  maohine,  and  one  8-foot  by  36-inch  Hardinge  mill. 

Each  6  by  12  foot  machine  is  driven  at  a  speed  of  24  r.p.m.  by  a  150-hp.  slip-ring  motor 
through  a  Falk-type  pinion  and  gear.  The  pinion  shaft  is  connected  to  the  motor  by  the  over¬ 
lapping  disk  and  belt-lacing  type  of  coupling.  The  power  input  of  each  motor  is  120  kilo¬ 
watts.  The  average  ball  load  amounts  to  14  tons  and  is  maintained  by  the  addition  of  130 
pounds  of  2|— inch  chilled  cast  balls  during  each  shift.  Liners  are  of  chilled  iron  and  are 
cast  with  two  small  lengthwise  ridges  on  each  liner.  Liner  consumption  is  0.1052  pound  per 
ton  of  new  feed  handled.  Pulp  consistency  in  the  mills  is  maintained  at  76  per  cent  of 
solids.  As  previcusly  stated,  these  mills  operate  in  closed  circuit  with  Dorr  classifiers. 
Each  mill  is  equipped  with  a  2-point  feed  scoop  and  carries  a  heavy  circulating  load.  Pin¬ 
ions  last  about  four  years,  scoops  about  five  years,  and  cast-iron  screens  from  six  to  eight 
months  of  operating  time. 

The  6  by  10  foot  mill  is  driven  at  a  speed  of  23  r.p.m.  by  an  old-style  85-hp.  slip-ring 
motor  which  takes  a  power  input  of  96  kilowatts.  The  ball  load  is  maintained  at  about  7^ 
tons  by  the  addition  of  80  pounds  of  balls  per  shift. 

The  secondary  Hardinge  mill  is  driven  at  a  speed  of  17  r.p.m.  by  a  150-hp.  slip-ring 
motor  which  requires  75-kilowatts  input.  The  ball  load  is  maintained  at  about  12  tons  by  the 
addition  of  100  pounds  of  balls  per  shift. 

All  classifiers  used  in  both  primary  and  secondary  grinding  circuits  are  mcdel-DSD  Dorr 
machines,  except  one  mcdel-C  machine  which  is  operated  with  one  of  the  primary  Hardinge  mills 
The  mcdel-DSD  classifiers  are  23'|-  feet  long  by  6  feet  wide  and  the  mcdel-C  is  20-^  feet  long 
and  4^  feet  wide.  They  operate  at  a  slope  of  2f  inches  per  foot  and  with  rake  speeds  of  22 
strokes  per  minute.  All  classifiers  and  primary  grinding-mill  feeders  are  driven  from  a  line 
shaft  which  in  turn  is  driven  by  a  35-hp.  motor.  The  power  input  to  the  motor  when  the  line 
shaft  is  running  and  all  belts  are  on  idler  pulleys  is  4  kilowatts.  This  input  increases 
abcut  0.8  kilcwatts  for  each  classifier  operated.  It  is  not  believed  advisable  to  reduce 
the  size  of  the  driving  motor,  since  it  appears  to  be  well  loaded  in  starting  up  machines 
after  brief  power  interruptions.  A  power  interruption  of  9  to  10  minutes  is  usually  suffi¬ 
cient  to  clog  a  classifier  so  that  it  must  be  drained  in  order  to  start.  Classifier  pulps 
of  the  primary  Hardinge  units  are  maintained  at  50  per  cent  of  solids,  43  per  cent  in  the 
primary  Marcy  unit  and  45  per  cent  in  the  secondary  grinding  units. 

Two  men  per  shift  are  required  for  the  operation  of  the  primary  and  secondary  grinding 
circuits.  The  feed  to  a  primary  mill  is  regulated  largely  by  the  sound  of  the  balls  in  the 
mill  and  mills  are  operated  at  their  maximum  capacity  as  much  as  possible. 

Some  interesting  facts  regarding  the  operation  of  a  Marcy  mill  at  this  plant  have  been 
worked  cut.  When  the  primary  Marcy  mill  was  operated  in  open  circuit  and  all  classifier 
sands  were  sent  to  the  secondary  grinding  circuit,  the  capacity  of  the  Marcy  mill  was  670 
tons  per  day,  but  this  method  of  operation  required  two  6  by  12  foot  secondary  mills  to 
finish  the  grinding  of  the  Marcy  sands.  When  the  Marcy  mill  operated  in  partial  closed  cir- 
ouit  and  handled  588  tons  of  new  feed  and  in  addition  200  tons  of  return  sand,  one  6  by  12 
foot  secondary  mill  was  able  to  complete  the  grinding. 

The  operation  of  the  primary  Hardinge  mills  in  partly  closed  circuit  was  not  tried, 
principally  because  of  the  fact  that  the  ball-tube  secondary  mills,  in  series  with  them,  were 
working  at  their  maximum  efficiencies  with  the  primary  mills  operated  in  open  circuit. 
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Table  2  presents  typical  tonnages  and  screen  analyses  of  the  feed,  intermediate,  and 
final  products  of  the  primary  Marcy  mill  circuit.  Table  3  gives  typical  tonnages  and  screen 
analyses  of  feed,  intermediate,  and  final  products  of  the  secondary-mill  grinding  circuit 
which  is  in  series  with  the  primary  Marcy  unit. 

Table  4  presents  similar  data  for  the  primary  Hardinge  mill  units,  and  Table  5  for  the 
secondary  grinding  units  which  operate  in  series  with  the  primary  Hardinge  units. 

Table  2 . — Typical  tonnages  and  screen  analyses  of  the  primary  Marcy  mil  1  r^rinding-circui t 

products 


Classifier 

Classifier 

Marcy  mill 

sands 

sands  sent 

Classifier 

new  ore 

returned 

Marcy  mill 

to  secondary 

oyerflow, 

feed. 

to  the 

discharge. 

grinding 

12.45  tons 

Screen  size 

24.5 

Marcy  mill. 

32.83  tons 

as  tube 

of 

tons 

3.33 

per  hour 

mill  feed. 

solids 

per  hour 

tons 

12.05  tons 

per  hour 

per  hou’' 

per  hour 

Weight, 

Weight , 

Weight, 

Weight, 

Weight, 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Plus  1.05  inch.. 

1.83 

— 

- 

- 

— 

Plvis  0.741  inch 

19.45 

- 

- 

- 

- 

Plus  0.525  inch 

18.30 

- 

- 

- 

- 

Plus  0.371  inch 

16.59 

- 

- 

- 

- 

Plus  3  mesh . 

9.33 

- 

- 

- 

- 

Plus  4  mesh  . 

5.99 

- 

- 

- 

Plus  4  mesh  . 

5.99 

- 

- 

- 

- 

Plus  6  mesh . 

4.25 

- 

- 

- 

- 

Plus  8  mesh  . 

3.49 

3.66 

2.36 

3.71 

- 

Plus  10  mesh . 

4.03 

5.15 

2.97 

4.34 

- 

Plus  14  mesh . 

1.88 

3.00 

4.36 

6.  IS 

- 

Plus  20  mesh...... 

1.53 

15.10 

7.95 

11.01 

- 

P]us  28  mesh . 

1.02 

iO.63 

9.00 

10.22 

- 

Plus  35  mesh . 

1.14 

9.09 

6.95 

13.34 

0.02 

Plus  48  mesh . 

1.03 

8.58 

6.91 

12.15 

0.73 

Plus  65  mesh . 

0.92 

7.53 

6 . 0'3 

9.19 

2.09 

Plus  100  mesh.... 

1.34 

8.49 

9.45 

10.16 

9.48 

Plus  150  mesh.... 

0  94 

2.29 

3.77 

2.73 

5.72 

200  mesh.... 

2.09 

4.92 

10.95 

6. 26 

19.26 

Minus  209  mesh. 

4.80 

7.56 

29.36 

10.69 

62.70 
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Table  3. — Typical  tonnages  and  screen  analyses  of  products  from  the  secondary  grindiny  mill 
of  the  circuit  which  operates  in  series  with  the  Marcy  unit 


Screen  size 

Feed 

to  tube  mill, 

12.05  tons 

per  hour 

1 

Tube  mill 

discharge, 

50.00  tons 

per  hour 

Classifier 

oyerflow, 

12.05  tons 

of 

solids 

per  hour 

Classifier 

return  sands 

to 

tube  mill, 

37.95  tons 

per  hour 

Weight ,  per  cent 

Weieht.  per  cent 

Weip.ht.  per  cent 

Weight,  per  cent 

Plus  8  mesh . 

3.71 

0.17 

0.22 

Plus  10  mesh . 

4.. 34 

0.22 

- 

0.29 

Plus  14  mesh . 

6.16 

0.49 

- 

0.64 

Plus  20  mesh . 

11.01 

0.81 

- 

1.07 

Plus  28  mesh . 

10.22 

2.06 

2.75 

Plus  35  mesh . 

13.34 

5.23 

6.90 

Plus  48  mesh . 

12.15 

10.49 

0.06 

13.81 

Plus  65  mesh . 

9.18 

15.00 

1.94 

19.15 

Plus  100  mesh . 

10.16 

18.94 

7.33 

22.61 

Plus  150  mesh . 

2.78 

7.82 

5.42 

8.58 

Plus  200  mesh . 

6.26 

16.05 

19.90 

14.84 

Minus  200  mesh . 

10.69 

22.72 

65.35 

9.17 

Table  4. — Typical  tonnages  and  screen  analyses  of  the  primary  Hardinge 

mill  grinding-circuit  products 


Screen  size 

Hardinge  mill 
new  ore  feed 

15.9  tons 

per  hour 

Hardinge  mill 
discharge 

15.9  tons 

per  hour 

Classifier 

oyerflow, 

6.85  tons 

of 

solids 

per  hour 

Classifier 

sands  sent 
to  secondary 
grinding  circuit 
as  tube-mill 

feed, 

9.05  tons 

per  hour 

Weieht.  per  cent 

Weieht.  per  cent 

Weieht.  per  cent 

Weieht.  per  cent 

Plus 

1.05  inch . 

1.66 

— 

— 

- 

Plus 

0.741  inch . 

15.91 

- 

- 

- 

Plus 

0.525  inch . 

17.90 

- 

- 

- 

Plus 

0.371 . 

15.25 

- 

- 

- 

Plus 

3  mesh . 

11.94 

- 

- 

- 

Plus 

4  mesh . 

5.83 

- 

- 

- 

Plus 

6  mesh . 

4.09 

- 

- 

- 

Plus 

8  mesh . 

3.34 

1.44 

- 

2.63 

Plus 

10  mesh . 

3.32 

1.94 

- 

3.41 

Plus 

14  mesh . 

2.06 

2.44 

- 

4.28 

Plus 

20  mesh . 

1.71 

4.35 

- 

7.65 

Plus 

28  mesh . 

1.20 

9.41 

- 

16.39 

Plus 

35  mesh . 

2.98 

8.52 

- 

15.00 

Plus 

48  mesh . 

2.65 

7.36 

0.90 

12.25 

Plus 

65  mesh . 

1.25 

7.65 

4.79 

9.82 

Plus 

100  mesh . 

1.61 

9.16 

12.19 

6.88 

Plus 

150  mesh . 

0.66 

4.90 

*  7.36 

3.05 

Plus 

200  mesh . 

2.65 

11.74 

19.97 

5.61 

Minus  200  mesh . 

3.99 

31.09 

54.79 

13.03 
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Table  5 . — Typical  tonnages  and  so~een  analyses  of  nroducts  from  the  secondary  grinding 
£ ircuits  v/hich  0£9 r a.t e _ j, n  series  with  tbe  Hardinge  primary  ’.nills 


Classifier 

Classifier 

Feed 

Tube  mill 

overflow, 

return  sands 

to  tube  mill. 

di.scharge. 

9.05  tons 

to 

Screen  size 

9.05  tons 

40.00  tons 

1  of 

tube  mill. 

per  hour 

per  hour 

:  solids 

30.95  tons 

1  oer  hour 

per  ho”.r 

Weieht.  per  cent 

Weifrht,  oar  cent 

Iweifrht,  oer  cent 

Weight,  per  cent 

Plus  3  mesh . 

2.63 

_ 

1  “  '  ' 

Plus  10  mesh . . 

3.41 

- 

Plus  14  mesh . 

4.28 

- 

- 

- 

Plus  20  mesh . 

7 . 55 

- 

— 

Plus  23  mesh . 

15.39 

0.56 

— 

0.71 

Plus  35  mesh  . 

15.00 

2.43 

- 

3.14 

Plus  48  mesh . 

12.25 

6.16 

0.16 

7.91 

Plus  65  mesh . 

9.82 

10.26 

1.81 

12.71 

Plus  ]00  mesh . . . 

6,38 

19.4? 

7.03  -  . 

23.04 

Plus  150  mesh  . 

3.05 

7.52 

5.77 

3.03 

Plus  200  mesh  . 

5.61 

22 . 60 

19.32 

23.33 

Minus  200  mesh . 

13.03 

51.00 

65.32 

21.08 

Ei£i£ii PH 

The  flow  sheet  of  flotation  and  dewatering  operations  is  presented  in  Figure  4. 

The  overflow  pulps  from  the  classifiers  of  the  grinding  units  flow  to  a  surge  tank, 
which  feeds  three  12-cell  Winerals  Separation  machines.  These  machines  operate  in  parallel 
and  produce  concentrates  froths  which  are  divided  into  four  grades  for  subsequent  treatment. 
The  first  cell  of  each  machine  produces  finished  concentrates  which  go  directly  to  the  con¬ 
centrates  thickener.  The  froth  products  of  cells  2  to  4.  inclusive,  are  cleaned  in  a  Callow- 
type  pneumatic  machine  referred  to  as  the  "finisher"  machine,  which  produces  finished-con¬ 
centrates  and  middlings  that  join  the  froth  products  of  Mineral  Separation  cells  5  to  7, 
inclusive,  for  two  stages  of  cleaning  in  Callow  ce.Tls.  The  primary  Callow  machine  of  this 
cleaning  unit  produces  concentrates  which  join  the  froth  products  of  M.  S.  cells  2  to  4  for 
additional  cleaning  in  the  "finisher"  machine,  and  middlings  which  join  the  froth  products 
of  M.  S.  cells  a  to  12,  inclusive,  for  treatment  in  the  secondary  Callow  cJeaner  of  the  unit. 
The  froth  product  of  this  secondary  cleaner  is  returned  to  the  head  of  the  primary  Callow 
cleaner  and  the  middlings  are  returned  to  the  surge  tank  at  the  hea.i  of  the  Minerals  Separa¬ 
tion  circuit.  The  tailings  of  the  Minerals  Separation  machines  are  given  final  flotation 
treatment  in  six  Callow-type  cells  operated  in  series  as  scavenger  units.  These  cells  pro¬ 
duce  froth  products,  which  are  returned  to  the  surge  tank  at  the  head  of  the  Minerals  Separa¬ 
tion  machines,  and  tailings  which  are  waste  products. 

The  surge  tank  at  the  head  of  the  flot.otion  circuit  is  20  feet  in  diameter  and  10  feet 
high.  A  ve»'tical  cylinder,  2  feet  in  diameter,  is  placed  in  the  center  of  this  tank  for  re¬ 
ceiving  feed  pulp.  The  bottom,  of  tnis  cylinder  is  placed  2  feet  abova  the  bottom  of  the 
tank.  Two  6-inch  centrifugal  pumps,  one  of  which  is  used  as  a  spare,  circulate  the  pulp 
from  the  bottom  of  the  surge* tank  to  a  launder  which  returns  the  pulp  to  the  top  of  the  surge 
tank.  This  launder  is  equipped  with  a  splitter  which  deflects  a  portion  of  the  circulating 
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pulp  to  the  flotation  machines.  The  splitter  is  operated  by  a  float  within  the  surge  tank. 
When  the  input  of  pulp  to  the  surge  tank  increases,  the  float  rises  and  opens  the  splitter, 
thus  sending  more  pulp  to  the  flotation  machines  and  returning  less  to  the  surge  tank. 

The  pulp  level  within  the  surge  tank  has  a  maximum  range  of  3^  feet.  This  range  gives 
the  flotation  operator  ample  time  to  adjust  the  flotation  machines  when  grinding  mills  are 
started  or  stopped  and  thus  prevents  sudden  changes  in  the  rate  of  pulp  flow  through  the 
flotation  machines  and,  in  addition,  maintains  a  more  uniformly  conditioned  pulp.  Rakes  were 
formerly  operated  in  the  bottom  of  the  surge  tank  but  were  found  to  be  unnecessary.  The 
circulating  pump  of  the  surge  tank  elevates  the  pulp  a  distance  of  20  feet  to  the  launder  and 
is  driven  at  a  speed  of  860  r.p.m.  by  a  direct-connected  25-hp.  motor  which  takes  a  power 
input  of  11.5  kilowatts. 

The  Minerals  Separation  machines,  which  comprise  two  24-inch  machines  and  one  18-inch 
machine,  are  of  the  spitz  type.  The  24-inch  machines  are  driven  by  belts  from  60-hp.  and 
75-hp.  motors  which  take  power  inputs  of  50  and  56  kilowatts,  respectively.  These  machines 
have  impeller  speeds  of  260  r.p.m.,  and  each  will  handle  550  tons  of  ore  per  day  when  the 
pulp  contains  26  per  cent  of  solids.  The  18-inch  machine  is  chain-driven  by  a  50-hp.  motor 
which  takes  a  power  input  of  37  kilowatts.  The  impellers  operate  at  a  speed  of  315  r.p.m. 
This  machine  is  of  the  deep-cell  type  and  will  treat  300  tons  of  ore  per  day  when  the  pulp 
contains  26  per  cent  of  solids. 

All  pneumatic  cells  are  of  the  Callow  type.  Six  of  these  cells  are  operated  as  cleaners 
six  as  scavengers,  and  three  additional  sca.venger  cells  are  held  in  reserve  as  spare  units. 
The  scavenger  cells  are  operated  in  three  stages.  The  first  stage  contains  three  cells,  the 
second  stage  two  cells,  and  the  final  stage  one  cell.  Each  pneumatic  cell  is  8  feet  long 
and  2  feet  wide.  The  bottom  of  the  cell  slopes  from  a  depth  of  16  inches  at  the  head  end 
to  40  inches  at  the  foot.  Canvas  blankets  are  made  of  3-ply  material  and  are  stretched  over 
2  by  1  foot  cast-iron  pans.  The  air  inlets  are  located  at  the  bottom  of  the  cell.  The  air 
is  furnished  by  a  Nc .  8  Sturtevant  positive  blower,  which  operates  at  a  speed  of  170  r.p.m. 
Each  cell  consumes  135  cubic  feet  of  free  air  per  minute  at  4-^  pounds  pressure,  which  is 
equivalent  to  1.90  hp. 

Two  4-inch  centrifugal  pumps,  belt-driven  by  20-hp.  motors,  handle  the  pulps  in  the 
cleaner  flotation  circuit.  Either  pump  can  be  used  to  lift  the  return  pulps  to  the  surge 
tank,  a  vertical  distance  of  24  feet.  When  one  pump  is  being  repaired,  the  finisher  cell 
middlings  and  secondary  cleaner  cell  froths  are  sent,  with  the  cleaner  cell  middlings,  to  the 
surge  tank.  The  pumps  operate  at  a  speed  of  1,150  r.p.m.  One  set  of  liners  usually  lasts 
as  long  as  two  runners,  which  is  about  180  days.  With  one  pump  elevating  pulp  to  the  surge 
tank  and  one  elevating  pulp  to  the  rougher,  the  power  input  to  the  motors  is  8^  and  6.6 
kilowatts,  respectively. 

A  fuel-oil  collector  and  a  pine-oil  frother  were  used  as  flotation  reagents  until  the 
introduction  of  xanthate.  Since  the  addition  of  xanthate  into  the  flotation  circuit,  better 
results  have  been  obtained.  The  addition  of  two  kinds  of  pine  oil,  added  separately  to  the 
pulp,  has  recently  been  found  to  give  better  results  than  the  use  of  either  alone.  One  of 
the  pine  oils  makes  a  brittle  froth  and  the  other  a  fairly  tough  froth,  so  that  the  froth  is 
easily  controlled  by  varying  the  amounts  of  oils  fed.  The  use  of  two  frothing  oils  also  made 
possible  the  substitution  of  lime  for  trisodium  phosphate. 

The  table  which  follows  gives  the  average  amounts  and  kinds  of  flotation  reagents  used 
with  lime  and  trisodium  phosphate,  respectively,  during  1929. 
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Avenge  Ttrov.nts  and  kinds  of  flotation  r^f*r!:9nt.<3  used  with  Iraie  and  trisodlum  phosphate 

during  1929 


Pounds 

per  ton  of  ore  milled 

Using  lime 

Usiny  trisodium  phosphate 

Lime . . . . 

0.1806 

...  -  ■  .... 

Trisodium  phosphate . 

- 

0.0600 

Xanthate . 

0 . 0787 

0.0753 

Fuel  oil . 

0.1045 

0.2402 

M.  S.  No.  -14  pine  oil.. 

0.1571 

0 . 1738 

Riser  pine  oil . 

0.0485 

0.0504 

Total  ..; . 

0 . 5694 

0.5147 

Lime  is  crushed  to  minus  ^-inch  size  and  is  fed  in  the  dry  condition  to  the  bal.l  !Di.l.ls 
from  a  hopper  by  a  rotary  feeder.  The  lime  feeder  is  driven  from  the  conveyor  which  feeds 
the  grinding  mills.  The  amount  of  lime  fed  is  enough  to  produce  an  alkaline  pulp  with  phe- 
nolphthalein  indicator.  The  pH  value  of  the  pulp  water  amounts  to  about  8.2. 

When  trisodium  phosphate  was  used  a  batch  of  the  latter  was  charged  into  a  mixing  tank 
daily  and  the  resulting  solution  was  introduced  at,  the  ball  mills.  The  amount  fed.  v.as  deter¬ 
mined  by  trial,  the  lower  limit  being  indicated  by  erratic  flotation  results. 

Xanthate  solution,  which  contains  5  per  cent  of  xanthate  by  weight,  and  all  oils  are 
stored  in  100-gallon  ca&aoity  tanks,  and  pipe  lines  connect  these  tanks  to  the  various  points 
of  feeding. 

Fuel  oil  is  fed  throu.gh  a  petcook  to  a  small  plunger  pump  which  in  turn  feeds  this 
reagent  to  the  primary  ball  mills.  Xanthate  is  added  to  the  pulp  at  the  head  cell  of  each 
Minerals  Separation  machine,  and  a  very  small  additional  amount  is  added  to  the  pneumatic 
finisher  cell  .  The  tough  frothing  pine  oil  is  fed  to  tjie  head  cell  of  each  Minoral.s  Separa¬ 
tion  machine,  and  small  amounts  of  the  brittle  frothing  pine  oil  are  added  at  the  same  points 
and  to  tho  seventh  cells'as  needed.  . - 

The  reagent  tanks  aro  equipped  with  floats  and  gages  which  give  the  operator  a  quick 
check  on  the  consumption  of  reagents.  The  additions  of  reagents  are  governed  entirely  by  the 
appearance  of  the  froth.- 

Pulp  density  in  the  Minerals  Separation  machines  is  maintained  between  26  and  23  par 
cent  of  solids.  The  dilution  of  pulp  encountered  between  tha  classifiers  and  the  M.  S.  ma¬ 
chines  is  due  to  the  return  middlings  pulp.  Water  must  be  added  to  break  down  the  froth  and 
also  to  dilute  the  middlings  in  order  to  obtain  a  satisfactory  grade  of  concentrates  in  the 
cleaner  cells.  The  middlings  pulp  returned  to  the  surge  tank  averages  7.5  per  cent  of  solids. 
Pulp  densities  are  determined  twice  per  shift  by  the  flotation  operator.  The  pulp  is  placed 
in  a  conical  container  and  weighed  on  a  vender 's-type  spring  scale  equipped  with  a  graduated 
scale  which  gives  direct  density  readings.  - 

The  flotation  concentrates  average  32  to  34  per  cent  of  insoluble.  The  reduction  of 
insoluble  content  without  appreciable  loss  of  copper  can  be  accomplished  only  by  additional 
grinding  and  floating. 

The  Minerals  Separation  machines  produce  64.94  per  cent  of  the  total  concentrates,  which 
contains  66.70  per  cent  of  the  total  copper  recovered.  The  cleaner  cells  are  operated  from 
the  viewpoint  of  removing  the  maximum  amount  of  sulphides  from  the  circuit,  consistent  with 
suitable  grade,  before  returning  the  pulps  to  the  Minerals  Separation  machines.  The  loss  of 
copper  in  the  final  tailings  varies  directly  with  the  copper  content  of  the  return  middlings. 
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From  data  obtained  in  this  plant  it  has  been  found  that  the  pneumatic  cells  give  much 
better  results  than  mechanical  cells  when  operated  as  cleaners,  owing  to  greater  flexibility 
and  ease  of  control  of  the  former. 

Table  6  gives  typical  amounts  and  copper  contents  of  the  concentrator  feed,  the  inter¬ 
mediate,  and  final  products.  Table  7  presents  sizing  assay  tests  of  typical  concentrator 
heads,  concentrates,  and  tailings  and  also  gives  indicated  recoveries  of  copper  for  each 
screen  size  based  on  heads  and  tailings  assays. 

Table  6. — Typical  amounts  and  copper  contents  of  concentrator  products 


Prcduct 


New  ore  fed  to  Minerals  Separation  machines . 

Finished  concentrates  from  No.  1  cells  of  M.  S.  machines . 

Concentrates  from  M.  S.  cells  2  to  4,  inclusive,  sent  to 

finisher  cell . 

Concentrates  from  M.  S.  cells  5  to  7,  inclusive,  sent  to  primary 

cleaner . 

Concentrates  from  M.  S.  cells  8  to  12,  inclusive,  sent  to 

secondary  cleaner . 

Tailings  from  M.  S.  machines,  sent  to  scavenger  cells . 

Finisher-cell  concentrates,  finished  concentrates . 

Finisher-cell  tailings,  sent  to  primary  cleaner . 

Primary-cleaner  concentrates,  sent  to  finisher  cell . 

Primary-cleaner  tailings,  sent  to  secondary  cleaner . 

Secondary-cleaner  concentrates,  sent  to  primary  cleaner . 

Secondary-cleaner  tailings,  sent  to  head  of  M.  S.  machines . 

Scavenger-cell  concentrates,  sent  to  head  of  M.  S.  machines . 

Scavenger-cell  tailings,  final  waste  product . 


Weight, 

per  24  hours 

Copper, 

per  cent 

1,091.00 

1.54 

33.57 

29.18 

39.75 

13.42 

43.43 

3.13 

34.56 

1.92 

1,055.98 

0.16 

18.12 

27.00 

53.16 

1  12.18 

31.53 

I  19.98 

76.40 

,  3.37 

11.34 

1  11.22 

99.62 

i  1.96 

16.67 

1  1.05 

1,039.31 

1  0.15 

Table  7. — Typical  screen  analyses  of  concentrator  heads,  concentrates,  and  tailings 


Screen  size,  mesh 

Heads 

Concentrates 

Tailings 

[  Indicated 
recovery  based 

on  heads  and 
tailings, 

per  cent 

Weight, 
per  cent 

Assay, 
per  cent 
of  copper 

Weight, 
per  cent 

Assay, 
per  cent 

of  copper 

Weight, 
per  cent 

Assay, 
per  cent 

of  copper 

Plus  65 . 

2.80 

0.47 

0.35 

7.86 

2.57 

0.28 

45.31 

Minus  65  plus  100.... 

10.79 

0.53 

4.52 

10.43 

11.03 

0.21 

59.50 

Minus  100  plus  150. 

4.91 

0.82 

3.55 

11. 6C 

5.10 

0.15 

81.00 

Minus  150  plus  200.. 

19.08 

1.20 

17.50 

18.00 

20.54 

0.12 

89.23 

Minus  200 . 

62.42 

1.94 

74.08 

32.90 

60.76 

0.15 

94.73 

Composite . 

100.00 

1.55 

100.00 

28.41 

100.00 

0.15 

90.08 

DEWATERING  OF  CONCENTRATES 

The  finished  concentrates  pulps  from  the  flotation  machines,  which  contain  37.5  per  cent 
of  solids,  flow  into  a  16  by  16  foot  Dorr  thiokener.  This  thickener  has  a  froth  retaining 
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wall  built  for  a  distance  of  2  feet  above  the  top  of  the  tanK.  The  overflow  of  the  thickener 
goes  to  a  16-foot  diameter  settling  tank  which  is  equipped  with  a  conicaJ  bottom;  the  over- 
flow  of  this  tank  is  returned  to  the  surge  tank  at  the  head  of  the  flotation  machines.  The 
thickener  underflow,  which  contains  75  per  cent  of  solids,  is  discharged  periodically  into 
the  filter.  The  thickener  rakes  are  driven  at  a  speed  of  1  rei^olution  in  2|  minutes  by  a 
7^-hp.  motor  which  requires  a  power  input  of  2.35  kilowatts.  A  12-fcot  derrick  is  built  over 
the  thickener  drive  wheel,  and  the  rakes  can  be  raised  as  much  as  7  feet  by  a  set  of  3-ton 
chain  blocks  which  are  suspended  from  this  derrick. 

The  li-|-  by  S  foot  Oliver  continuous  filter  is  operated  at  a  speed  of  one  revolution  in 
7^  minutes.  The  feed  pulp  is  heated  by  live  steam  to  a  temperature  of  30°  C.,  as  it  has  been 
found  that  without  this  heating  of  the  pulp,  the  filter  cloth  becomes  so  badly  choked  that 
it  is  useless  after  a  run  of  one  week's  duration.  This  choking  takes  place  even  after  steam¬ 
ing  and  scrubbing  the  cloth  twice  each  day  between  shifts. 

An  average  vacuum  of  21  inches  of  mercury  is  maintained  by  a  Doak  14  by  8  inch  recipro¬ 
cating  pump  which  operates  at  250  strokes  per  minute.  A  15-hp.  motor  drives  the  filter  and 
the  vacuum  pump  from  a  line  shaft  and  requires  a  power  input  of  5.72  kilowatts  when  operated 
under  load.  A  "blow"  of  air  is  given  to  each  filter  section  as  it  reaches  the  scraper  and  is 
maintained  for  two  sections  below  the  scraper.  The  filter  cloth  is  made  of  loose  twilled 
threads  and  dewaters  12,000  tons  of  concentrates  or  416.64  tons  of  concentrates  per  square 
foot  before  being  discarded.  The  life  of  the  cloth  is  dependent  on  the  life  of  the  winding 
wire,  as  the  scraper  olade  cuts  the  cl.oth  when  the  wire  wears  thin. 

The  filter  is  operated  on  two  shifts  per  day  and  has  capacity  to  dewater  from  3  to  10 
tons  of  solids  per  hour,  according  to  the  amount  of  slimes  contained  in  the  culp.  This 
capacity  amounts  to  from  0.00108  to  0.00347  ton  of  solids  per  square  foot  of  filter  area. 
The  moisture  content  of  the  filter  cake  averages  between  10  and  11  per  cent. 

DEWATERING  AND  DISPOSAL  OF  TAILINGS 

The  tailings  plup  flows  in  a  flume  to  one  of  two  dewatering  plants.  These  dewatering 
plants,  termed  "upper"  and  "lower,"  are  used  alternately,  the  former  Leing  used  principally 
during  the  summer  months. 

The  flume  which  conveys  the  tailings  to  these  units  is  4,600  feet  long  and  is  set  at 
grade  of  inch  to  the  foot.  The  bottom  of  the  flume  is  5:J-  inches  wide  and  the  sides  have  a 
slope  of  4  inches  per  foot  vertically. 

The  uoper  dewatering  unit  is  equipped  with  two  model-C  Dorr  classifiers  which  remove  the 
coarse  material.  The  classifier  sands  are  conveyed  by  launder  to  a  bucket  elevator  which  in 
turn  discharges  the  material  to  a  V-bottom  flume.  The  flume,  which  is  set  with  a  grade  of  3 
inches  per  foot,  conveys  this  pulp  to  the  coarse-tailings  reservoir. 

The  lower  dewatering  unit  is  similar  to  the  upper  except  that  three  6  by  20|-  foot  Akins 
classifiers  are  used  for  separating  the  coarse  material  from  the  pulp. 

The  classifier  overflow  pulps  of  either  dewatering  unit  go  to  an  80-foot  Dorr  thickener. 
This  thickener  produces  a  clear  overflow  which  is  discharged  into  Lights  Creek  and  an  under¬ 
flow  which  is  conveyed  by  flume  for  a  distance  of  4  miles  to  the  siime-storage  dam. 

The  Dorr  classifiers  of  the  "upper"  unit  operate  with  a  rake  speed  of  14  strokes  per 
minute  and  with  a  bottom  slope  of  1^  inches  per  foot.  The  consistency  of  the  sand  pulp  is 
controlled  by  adding  or  removing  cross  pieces  which  are  fitted  to  the  classifier  sand  dis¬ 
charge. 

The  bucket  elevator  which  delivers  the  sand  pro.iuct  to  the  flume  is  38  feet  high  and  is 
equipped  with  a  12-inch  7-ply  rubber  covered  belt  which  i.s  driven  at  a  speed  of  345^  feet 
per  minute  by  a  10-hp.  motor.  This  belt  operates  over  head  and  tail  pulleys  which  are  30 
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inches  in  diameter  and  is  equipped  with  10  by  6  by  6  inch  buckets  spaced  7  inches  apart.  Two 
|-inch  holes  are  drilled  in  the  bottom  of  each  bucket  to  prevent  the  sand  from  settling  and 
sticking. 

The  Dorr  thickener  shaft  is  driven  at  a  speed  of  1  revolution  in  13  minutes  by  a  Y^-hp. 
motor.  Lime  is  added  to  the  thickener  feed  pulp  as  it  leaves  the  drag  classifiers  in  suffi¬ 
cient  amount  to  produce  a  clear  overflow  at  the  thickener.  The  lime  feeder  consists  of  a  2- 
cubic  foot  capacity  hopper  equipped  with  a  4  by  6  inch  reciprocating  plunger  which  operates 
across  the  bottom.  The  plunger  has  a  6-inch  opening  and  discharges  140  cubic  inches  of 
freshly  slaked  lime  every  5  minutes.  The  feeder  discharges  the  slaked  lime  into  a  4  by  4 
foot  mixing  tank.  A  stream  of  water  flows  continuously  into  this  tank,  and  the  charge  is 
mixed  by  a  revolving  iron  weight  supported  at  the  end  of  a  shaft.  The  amount  of  lime  fed  per 
shift  is  governed  by  the  frequency  with  which  the  feed  hopper  is  filled.  The  average  amount 
fed  is  0.614  barrel  per  100  tons  of  tailings. 

The  reservoir  for  coarse  tailings  has  an  area  of  14  acres.  The  retaining  dam  is  built 
of  sand  by  a  30-hp.  caterpillar  and  a  l:^-yard  self-dumping  scraper.  This  dam  is  6  feet  wide 
at  the  top  and  is  usually  maintained  from  2  to  5  feet  higher  than  the  level  of  the  settling 
pond.  The  top  of  the  tailings  pile  slopes  about  2  inches  per  foot  in  a  direction  away  from 
the  dewatering  plants. 

Cross  dams  are  built  every  300  feet  and  these  serve  as  approaches  by  which  the  tractor 
and  scraper  travel  on  and  off  the  outside  dam.  The  dam  has  an  earth  core  about  8  feet  high 
and  the  sand  dam  is  built  to  a  height  of  60  feet  above  this  core.  A  toe  of  mine  rock,  20 
feet  high,  supplemented  by  log  cribbing  protects  it  from  the  high  water  of  Lights  Creek.  The 
earth  core  is  impervious  to  water,  and  this  caused  trouble  during  the  winter  months  by  making 
a  plastic  mass  of  the  sand,  which  caused  portions  of  the  dam  to  slough  off.  This  difficulty 
was  avoided  by  driving  a  number  of  2-inch  pipes,  having  screened  well  points  at  the  ends, 
into  the  dam  at  points  low  enough  to  maintain  the  water  level  below  the  earth  core.  No 
sloughing  has  been  experienced  since  the  introduction  of  this  method  of  draining.  It  has 
been  also  found  necessary  to  build  up  the  dam  for  winter  storage  before  freezing  weather  sets 
in.  Constant  attendance  is  required  only  during  the  spring  thaw  when  the  water  from  melting 
snow  and  ice  washes  the  sand  rapidly  down  to  the  dam  and  causes  choking  in  the  overflow 
boxes,  if  not  watched.  Brush  is  placed  along  the  top  of  the  dam  on  the  prevailing  wind  side 
to  prevent  wind  cutting.  The  height  of  water  in  the  pond  is  maintained  as  low  as  possible 
consistent  with  obtaining  a  clear  overflow.  During  the  summer  months  there  is  very  little 
overflow  water  owing  to  evaporation,  but  the  condition  is  otherwise  during  the  winter  months, 
and  lime  is  required  for  settling.  One  man  with  a  tractor  can  build  about  300  cubic  yards  of 
dam  per  shift. 

The  storage  dam  for  slime  controls  an  area  of  47  acres.  This  area  is  divided  into  four 
sections  by  cross  dams.  When  a  section  has  filled  to  such  a  height  that  it  becomes  necessary 
to  raise  the  dam,  the  slime  pulp  flow  is  changed  to  another  pond.  It  requires  from  four  to 
six  months  after  this  for  the  slime  to  dry  sufficiently  to  allow  a  soraper  to  be  used  over 
it. 


SAMPLING 

A  sample  of  the  heads  is  taken  by  a  mechanical  sampler  from  the  classifier  overflow  pulp 
just  before  it  reaches  the  surge  tank  at  the  head  of  the  flotation  machines.  The  cutter 
cross'es  the  pulp' st'ream  every  14  minutes,  and  when  the  concentrator  is  treating  1,000  tons  of 
ore  per  day,  it  cuts  a  sample  which  contains  about  4  pounds  of  solids  per  shift. 

The  tailings  sample  is  obtained  as  the  pulp  enters  the  main  flume.  The  cutter  crosses 
the  pulp  stream  every  9  minutes  and  obtains  a  sample  which  contains  about  3^  pounds  of  solids 
per  shift. 
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A  sample  of  concentrates  is  obtained  just  as  the  pulp  enters  the  thickener.  The  pulp 
stream  is  cut  every  7  minutes  and  the  weight  of  solids  in  this  sample  per  shift  amounts  to 
about  4  pounds.  A  grab  sample  of  concentrates  is  also  taken  periodically  from  the  filter 
cake  by  the  operator  for  checking  purposes.  A  third  concentrates  sample  is  obtained  from  the 
gondola.  After  a  gondola  is  loaded  the  top  is  leveled  and  borings  obtained  at  12  points  v/ith 
a  1:|— inch  auger.  The  samples  are  taken  at  regular  intervals  in  two  rows  along  the  length  of 
the  car.  This  sample  is  used  for  determinations  of  moisture,  copper,  silver,  gold,  and  in¬ 
soluble  contents. 

The  cutters  of  all  mechanical  samplers  are  actuated  by  weights.  This  method  of  opera¬ 
tion  is  used  to  prevent  the  spoiling  of  samples  by  power  interruptions  which  cause  the  cutter 
tc  stick  in  the  stream. 

Samples  are  dried  each  shift  on  steam  hot  plates  and  sent  to  the  assay  office  each  morn¬ 
ing.  Assay  returns  are  reported  to  the  mill  usually  before  the  day  shift  is  over.  A  sizing 
lest  is  made  on  the  head  sample  of  each  shift  to  keep  a  check  on  classifier  operation.  The 
concentrates  sample  is  assayed  for  insoluble  content  in  addition  to  copper  to  aid  the  opera¬ 
tor  in  judging  the  grade  being  produced. 

WATER  SUPPLY 


As  previously  stated,  sufficient  water  for  concentrator  operations  is  usually  available 
from  surface  sources.  This  water  flows  by  gravity  to  a  50,000-gallon  capacity  storage  tank. 
When  a  shortage  of  surface  water  develops,  the  deficiency  is  made  up  by  using  mine  water  frcm 
the  Engels  mine.  When  mine  water  is  used,  triscdium  phosphate  must  be  fed  to  the  ball  mills 
to  insure  uniform  results  in  flotation,  as  the  mine  water,  although  not  acid,  apparently 
contains  impurities  which  affect  flotation  operations  adversely.  The  consumption  cf  new 
water  amounts  to  680  gallons  per  ton  of  ore  milled. 

METALLURGICAL  DATA 

Table  8  presents  metallurgical  data  for  the  year  1929. 

Table  8. — Metallurgical  data  for  the  year  1929 


Total  ore  milled.  . 

Operating  time  per  day.  . 

Average  ore  milled  per  24  hours  . 

Total  concentrates  produced  . 

Average  concentrates  produced  per  24  hours . 

Recovery  of  total  copper . 

Ratio  of  concentration .  . 

Consumption  of  5-inch  balls  per  ton  of  ore  milled . 

Consumption  cf  2^  inch  balls  per  ton  of  ore  milled. 

Total  ball  consumption  per  ton  of  ore  milled  . 

Liner  consumption  per  ton  of  ore  milled . 

Insoluble  content  of  concentrates . 

Material  plus  100-mesh  size  . 

Average  lime  used  per  ton  of  ore  to  settle  tailings 


tons 

hours 

tons 

tons 

tons 

per  cent 
tons  into  1 
pounds 
pounds 
pounds 
pounds 
per  cent 
per  cent 
barrels 


395,042 

24 

1,091.30 

19,813.08 

54.73 

91.34 

19.94 

1.104 

0.72 

1.824 

0.32 

34.52 

12.64 

0.00614 
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► 

CONVEYING 

The  No.  8  gyratory  crusher  is  fed,  as  previously  stated,  from  either  of  two  ore  bins, 
each  of  which  is  served  by  a  pan  conveyor.  The  shock  of  dumping  rock  into  an  empty  bin  is 
taken  up  by  swing  hammers.  One  conveyor,  which  is  30  inches  wide,  12.5  feet  long,  and  which 
operates  at  a  speed  of  4.4  feet  per  minute,  draws  mine  ore  from  the  bottom  of  the  steel  bin. 
The  other,  which  is  36  inches  wide,  36.5  feet  long,  and  v/hich  operates  at  a  speed  of  7.5  feet 
per  minute,  draws  mine  ore  from  the  corner  of  the  concrete  bin.  The  pans  of  each  conveyor 
have  l^-inch  wood  fillers  which  are  covered  by  mild-steel  plates  1-^  inches  thick.  Each  con¬ 
veyor  operates  at  a  capacity  of  90  tons  of  ore  per  hour. 

The  Blake-type  crusher  is  fed  frcm  the  concrete  bin  by  a  30  by  6C-inch  rotary  feeder 
which  operates  at  a  speed  of  0.455  r.p.m.  The  storage-bin  discharge  cpening  is  equipped  with 
five  4  by  6  inch  fingers  which  permit  barring  without  gushing  of  ore  when  the  cpening  becomes 
choked.  These  fingers  are  lined  with  manganese-steel  plates  where  contact  is  made  with  the 
ore  and  are  otherwise  similar  to  the  fingers  used  in  underground  chutes.  The  crushed  product 
of  the  Blake  machine  drops  onto  a  24-inch  rubber-covered  conveyor  belt  which  travels  at  a 
speed  of  302  feet  per  minute.  This  belt  is  75  feet  long  and  elevates  the  ore  a  distance  of 
5  feet.  With  a  3/16-inch  rubber  cover  it  has  a  life  cf  about  720,000  tons  of  ore. 

The  pan  ccnveyors,  rotary  feeder,  and  the  conveyor  which  handles  the  product  of  the 
Blake  crusher  are  driven  from  line  shafts  which  drive  the  respective  crushers. 

The  products  from  the  No.  5  McCully  and  the  No.  6  K  Gates  crushers  are  conveyed  to  the 
Hum-mer  screens  by  a  24-inch  rubber-covered  belt  which  travels  at  a  speed  of  285  feet  per 
minute.  This  belt  is  180  feet  long,  passes  over  a  Merrick  weightometer ,  and  elevates  the  ore 
a  distance  of  28  feet.  It  is  driven  by  a  10-hp.  motor  which  requires  a  power  input  of  4.4 
kilow'atts  without  load  and  6.8  kilowatts  at  full  load.  With  a  3/16-inch  rubber  cover  the 
life  of  this  belt  is  1,400,000  tons  of  ore. 

The  oversize  frcm  the  Hum-mer  screens  is  fed  to  the  rolls  by  a  28-inch  belt  which  is  6 
feet  long  and  which  travels  at  a  speed  of  14.5  feet  per  minute.  It  is  equipped  with  side 
boards,  2j  feet  high,  to  hold  the  material  transported.  It  has  a  life  of  about  900,000  tons 
or  ore. 

The  roll  product  is  returned  to  the  Hum-mer  screens  by  a  bucket  elevator  and  conveyor. 
The  bucket  elevator  is  55  feet  high  and  slopes  80°  from  the  horizontal.  It  is  equipped  with 
a  rubber-covered  10-ply  28-inch  belt  and  buckets  20  by  8  by  8^  inch  spaced  14  inches  apart 
lip  to  lip.  The  belt  is  driven  at  a  speed  of  306  feet  per  minute  by  a  20-hp.  motor  which 
requires  a  power  input  of  8.5  kilowatts  without  load  and  17  kilowatts  with  full  load.  This 
elevator  will  handle  150  tons  of  ore  per  hour,  and  its  belt  has  a  life  of  1,700,000  tons  of 
ore . 

The  22-inch  conveyor  which  receives  the  roll  product  from  the  elevator  and  delivers  it 
to  the  Hum-mer  screens  is  30  feet  long  and  is  driven  at  a  speed  of  245  feet  per  minute  by  a 
5-hp.  motor  which  requires  a  power  input  of  1.5  kilowatts  without  load  and  4.6  kilowatts  with 
full  load.  It  has  a  life  of  about  1,700,000  tons  of  ore. 

The  undersize  product  of  the  Hum-mer  screens  is  transported  to  the  ball-mill  feed  bins 
by  a  16-inch  rubber-covered  belt.  This  belt  is  driven  at  a  speed  of  310  feet  per  minute  by  a 
10-hp.  motor  which  consumes  3.5  kilowatts  without  load  and  5.5  kilowatts  with  full  load.  The 
average  life  of  this  belt  is  800,000  tons  of  ore.  It  is  equipped  with  a  movable  distributor 
for  unloading  and  delivering  the  ore  to  the  desired  bin. 

The  ball  mills  are  fed  by  24-inch  belts  equipped  with  covers  ^-inch  thick.  The  feeder 
belts  which  serve  the  Hardinge  mills  operate  at  a  speed  of  13  feet  per  minute  and  have  a  life 
of  about  400,000  tons  of  ore.  The  Marcy-mill  feeder  belt  travels  at  a  speed  of  22  feet  per 
minute  and  also  has  a  life  of  about  400,000  tons  of  ore.  Two  of  the  ball  mills  were  origin¬ 
ally  fed  by  18-inch  pan  conveyors.  The  upkeep  of  these  pan  conveyors  was  so  high  that  rubber 
belts  were  substituted  when  the  pans  wore  out. 
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Concentrates  are  transported  dov/n  to  the  railroad  cars  by  three  belts  arranged  in  series 
The  first  belt  is  14  inches  .vide  by  155  feet  long,  has  a  drop  of  80  feet,  and  travels  at  a 
speed  of  150  feet  per  minute.  Due  to  the  steep  slope  of  the  belt,  it  is  necessary  to  enclose 
it  with  boards  to  keep  the  concentrate.s  from  rolling  off.  Sacks  are  .suspended  every  6  feet 
from  the  underside  of  the  top  cover  to  further  check  this  rolling  action.  The  second  belt 
is  12  inches  wide,  170  feet  long,  and  operates  at  a  speed  of  66  feet  per  minute.  This  belt 
is  operated  at  sufficiently  low  speed  to  give  it  the  proper  load  per  square  foot  for  the 
ope’'ation  of  the  wei ghtometer  over  which  it  passes.  The  concentrates  pass  finally  to  the 
third  belt  which  runs  at  right  angles  to  the  second  belt  and  passes  over  the  railroad  siding. 
This  belt  is  75  feet  long  and  travels  at  a  speed  of  175  feet  per  minute.  Concentrates  are 
scraped  from  it  by  wedge-shaped  splitters  and  drop  directly  into  the  gondola.e  for  shipment  to 
the  smelter.  The  weightometer  is  equipped  with  a  cam  mec.'ianism  whicn  rings  an  electric  bell 
for  every  .3.3  tons  of  product  carried  by  the  belt.  This  bell  notifies  the  attendant  to  move 
the  splitter  so  as  to  obtain  an  even  distribution  over  the  car.  The  concentrate  conveyers 
have  a  life  of  about  78,000  tons  of  concentrates.  They  are  driven  by  two  5-hp.  motors  which 
requir  ?.  power  input  of  2.47  and  1.55  kilowatts,  re.speotiely . 

The  heavy  machinery  of  the  crushing  plant  is  handled  by  crawls  and  manually  operated 
chain  blocks.  Te  rolls  are  served  by  a  short  crawl. 

Repair  parts  for  the  remainder  of  the  rail!  are  handled  with  long  slings  and  chain  blocks 
suspended  from  the  trusses  or  .skidded  into  place. 

Under  the  conditions  noted,  the  foilwing  tabulation  gives  the  number  of  men  required 
and  the  time  necessary  to  make  repairs  as  listed. 
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Time  and  men  required  to  make  repairs 


Nature  of  repair 

Time  required,  hours 

Number 

of 

men  required 

Crushers: 

Renewing  jaw  plates . 

32 

6 

No.  8  Traylor  crusher: 

Babbitting  eccentric . 

24 

2 

Installing  eccentric . 

8  to  12 

6 

Putting  concaves  in  barrel  ... 

24 

2 

Changing  barrel . 

16 

8 

Mantle  on  shaft . 

8 

6 

Changing  shaft . 

12  to  16 

8 

No.  6  K  Gates  crusher: 

Babbitting  eccentric . 

8  to  12 

2 

Installing  eccentric . 

6 

6 

Changing  barrel . 

8 

6 

Mantle  on  shaft . 

8 

6 

Changing  shaft . 

6 

6 

Rolls: 

Shrinking  shells . 

12 

5 

Changing  rolls  . 

12  to  36 

9 

Babbitting  roll  bearings . 

24 

6 

Elevators: 

Punching  belt . 

12 

2 

Installing  buckets . 

12 

7 

Hum-mer  screens: 

Changing  one  screen . 

3 

3 

Marcy  mill: 

Installing  feed  end  liners  ... 

8 

5 

Installing  main  liners . 

24  to  36 

8 

Installing  grate  bars . 

16 

5 

Hardinge  mills: 

Renewing  20  pieces  of  liners 

and  bars . 

8 

5 

Ball-tube  mills: 

Renewal  of  feed  end  liners.... 

6 

4 

Main  liners . 

12  to  16 

8 

Screens . 

6 

4 

Minerals  Separation  machines: 

Changing  impellers . 

16 

4 

Changing  liners . 

16  to  20 

6 

Pumps: 

Changing  liners . 

6 

2 

Changing  liners  and  im- 

pellers . 

8 

2 

Filter: 

Changing  cloth . 

12 

6 

Changing  vacuum  pipes . 

30 

6 
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Table  9  presents  a  summary  of  concentrator  costs  for  the  year  1929,  and  Table  10  gives 
concentrator  costs  in  units  of  power  and  labor  for  the  same  period. 


Table  9 . — Summary  of  concentrator  costs  for  the_year  1929 


Opet 

•atm?. 

Repairs 

Total 

Labor 

Power*  1  Supplies 

Reav.ents 

Labor 

Supplies 

Breaking . . . 1 

$0.0380 

80.01/^9  1 

$0.0065 

- 

$0.0093 

$0.0139 

$0.0856 

Intermediate  crushing . 1 

0.0043 

0 . 0094  j 

0.0004 

- 

0.0037 

0.0097 

0 . 0275 

Primary  grinding .  . 

0.0203 

0.05441 

0.0469 

- 

0.0058 

0.0254 

0.1528 

Secondary  grinding  . 

0.0173 

0.0351 

0.0318 

- 

0.0033 

0 . 0063 

0.0938 

Classifying,  screening,  and  con- 

1 

yeying . 

0.0076 

1  0.0064 

0.0002 

0.0110 

0.0134 

0.03S6 

Flotation . 

0.0224 

0.0289 

0.0002 

$0.0329 

0.0036 

0.0052 

0.0932 

Dewatering  and  handling  concen- 

trates . 

0.0164 

0.0035 

0.0116 

- 

0.0010 

0 . 0004 

0.0329 

Assaying  and  sampling . 

0.0029 

0.0001 

0.0081 

- 

0.0003 

0.0003 

0.0117 

Tailings  disposal . 

0.0317 

0.0014 

0.0051 

0.0149 

0 . 0046 

0.0006 

0.0583 

Water  supply . 

0.0013 

0.0001 

- 

- 

- 

- 

0.0014 

Miscellaneous . 

0.0093 

0.0006 

0 . 0464 

— 

— 

— 

0.0563 

Totals . 

$0.1715  !$0, 15'78  1 

i  1 

$0.1572 

$0 . 0478 

$0.0426 

$0.0752 

$0.6521 

1  -  Cost  per  kilowatt-hour  including  power  generated  locally  -  ?0. 007909. 


Table  10 . — Summary  of  concentrator  costs  in  units  of  labor  and  power 


Labor 

Power 

Man  shifts  of  3 

hours 

Per  cent  of 

pe r  ton  of  ore  concen.tra ted 
Operati on IPepai rs  I  Total 

Xw.  h.  per  ton 

1 

total  power 

Breaking . 

0.00822 

0.00189 

i  0.01011 

2.258 

11.32 

Intermediate  crushing . 

0.00035 

0.00076 

1  0.00161 

1.194 

5.93 

Primary  grinding  . 

0.00405 

0.00118 

0.00523 

6.393 

.34 .  .55 

Secondary  erinding . 

0.00346 

0.00069 

0.00415 

4.441 

22.25 

Classifying,  screening, and  conveying 

0.00151 

0.00225 

0 . 00376 

0.811 

4.07 

Flotation . . . 

0.00427 

0.00075 

0.00502 

3.652 

13.30 

Dewatering  and  handling  concentrates 

0.00376 

0.00020 

0.00396 

0.442 

2.21 

Assaying  and  sampling . 

0.00061 

1 

0.00005 

0.00066 

- 

- 

Ta.i .lings  disposal . 

1  0.00682 

i  0.00093 

1  0.00775 

0.171 

0.86 

Water  supply . 

0.00029 

- 

0.00029 

1 

- 

Miscellaneous . 1 

0.002G0 

— 

0.00260 

0.088  1 

0.45 

Totals  . 

0 . 03644 

0.00870 

0.04514  i 
1 

19.950  j 

100.00 
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Figure  3.-  Flo*  eheet  of  eruehing  end  grinding  operations  Figure  4.-  Flo*  sheet  of  flotation  and  dewatering  treateent 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 

MILLING  METHODS  AT  THE  QUESTA  CONCENTRATOR  OF  THE 
MOLYBDENUM  CORPORATION  OF  AMERICA.  QUESTA,  N.  MEX.^ 

By  J.  B.  Carman^ 


INTRODUCTION 

This  paper,  describing  the  concentrator  of  the  Molygdenum  Corporation  of  America  in 
Taos  County,  northern  New  Mexico,  7  miles  east  of  Questa,  is  one  of  a  series  on  milling 
methods  being  prepared  for  and  published  by  the  United  States  Bureau  of  Mines.  The  mine 
from  which  the  ore  comes  is  1-^  miles  from  the  mill,  and  produces  about  40  tons  of  ore  per  day 
by  the  cut-and-fill  method.®  The  ore  contains  about  5  per  cent  of  MoS2.  The  mill  has  a 
capacity  of  50  tons  of  ore  per  day  and  utilizes  flotation  methods.  Water  is  taken  from  Red 
River.  Power  is  generated  by  a  water  wheel,  or  by  a  Diesel  engine  in  times  of  water  short¬ 
age  during  the  winter.  The  mill  is  located  close  to  the  bottom  of  a  canyon,  in  order  to 
obtain  maximum  head  on  the  water  wheel,  and  the  flow  of  ore  is  therefore  maintained  partly  by 
gravity  and  partly  by  an  elevator  and  pumps. 

ORE  TREATED 

The  M0S2  content  of  the  concentrator  feed  ranges  from  4.5  to  7.5  per  cent.  The  gangue 
minerals  are  quartz,  pyrite,  altered  feldspar,  biotite,  fluorite,  small  amounts  of 
rhodochrosite  and  calcite,  and  the  minerals  of  the  granodiorite  country  rock. 

The  molybdenite  is  not  disseminated  but  occurs  as  fissure  fillings  and  in  brecciated 
zones  of  the  granodiorite.  A  portion  of  it,  however,  is  very  intimately  associated  with 
quartz  or  pyrite,  and  in  this  form  is  not  readily  separated  by  grinding.  The  coarse  ore  has 
numerous  joints  or  fracture  surfaces  which  are  coated  with  thin  black  films  of  molybdenite. 
Molybdenite  of  this  character  can  not  be  split  from  the  rock  and  this  strong  mechanical 
attachment  apparently  persists  even  through  the  grinding  process. 

The  ore  in  general  breaks  and  grinds  readily  and  the  molybdenite  is  very  friable.  The 
run-of-mine  ore  is  8-inch  maximum  size  and  75  per  cent  of  it  will  pass  through  a  bar  grizzly 
with  1^-inch  spaces.  The  moisture  content  of  the  oro  averages  3  per  cent. 

HISTORY  OF  OPERATIONS 

The  first  mill  was  built  in  1923,  and  as  originally  operated,  contained  eight  4-foot, 
Brown  pneumatic,  matless-type,  flotation  cells.  The  froths  from  the  first  one  to  three  cells 
were  finished  concentrates  which  contained  a  maximum  of  66  per  cent  of  M0S2.  The  froths  from 
the  remaining  cells  were  returned  to  the  head  cell  as  middlings. 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6551." 

2  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  manager,  Questa  property.  Molybdenum  Corporation  of 
America. 

3  Carman,  J.  B.,  Mining  Methods  of  the  Molybdenum  Corporation  of  America  at  Questa,  New  Mexico:  Information  Circular, 
Bureau  of  Mines,  in  press. 


9989 


I. C. 6551. 


Three  Ruth  flotation  cells,  arranged  in  parallel,  were  later  installed  as  cleaners  to 
increase  the  grade  of  the  finished  concentrates.  After  these  cleaner  units  started  to  oper¬ 
ate,  difficulty  developed  because  of  the  accumulating  of  slimes  in  the  flotation  circuit. 
The  addition  of  locally  made  flotation  cells  for  additional  cleaning  of  concentrates  further 
increased  the  grade  of  concentrates,  but  this  arrangement  seriously  increased  the  amount  of 
middling  returns  to  the  head  of  the  flotation  circuit  and  further  increased  the  difficulty 
due  to  building  up  of  slimes  in  the  circuit.  Three  additional  Brown  flotation  cells  were 
then  installed  for  retreating  middlings.  These  cells  were  later  operated  as  scavenger  cells, 
following  the  8-cell  rougher  machine,  and  one  additional  Brown  cell  was  installed  to  replace 
them  for  middlings  retreatment. 

During  1928  and  1929,  preliminary  to  the  construction  of  a  new  mill,  tests  were  con¬ 
ducted  and  experimental  changes  were  made  in  the  flow  sheet.  A  description  of  this  experi¬ 
mental  work  given  in  chronological  order  follows. 

Acting  on  the  results  of  screen  assay  tests  which  indicated  that  concentrator  losses 
occurred  in  minus  200-mesh  sands,  the  grinding  practice  was  changed  to  yield  finer  grinding. 
The  flotation  of  the  finer  ground  product  yielded  a  higher  recovery  of  molybdenum  but  a 
lower  grade  of  concentrates.  These  tests  indicated  that  net  results  favored  the  coarser 
grinding. 

A  test  was  conducted  to  determine  the  recovery  made  by  each  cell  of  the  Brown  8-cell 
rougher  and  the  Brown  3-cell  scavenger  machines.  The  results  of  this  test  indicated  that 
the  low  solid  contents  in  the  pulps  treated,  caused  by  diluting  water  returned  to  the  cir¬ 
cuit  with  middlings,  was  responsible  for  low  recoveries  in  the  last  six  cells.  An  8  by  14 
foot  Dorr  thickener  was  added  to  the  circuit  to  remedy  this  condition.  The  treatment  of 
pulps,  which  contained  a  higher  percentage  of  solids,  reduced  the  loss  of  molybdenum  in  the 
flotation  tailings  about  50  per  cent.  The  thickener  overflow,  however,  became  muddy  after 
10  days  of  operation.  This  was  believed  to  be  due  to  insufficient  thickener  capacity,  and 
the  test  was  abandoned. 

Three  Callow  cells  were  installed  to  replace  the  3-cell  Ruth  cleaner  unit.  This  change 
resulted  in  slightly  increased  losses  of  molybdenum  in  the  plus  200-mesh  tailings  sizes  and 
slightly  decreased  losses  in  the  minus  200-mesh  sizes. 

Baffles  were  added  to  the  Brown  rougher  machine  for  the  purpose  of  increasing  the  per¬ 
centage  of  plus  200-mesh  M0S2  floated  in  the  rougher  cells.  This  practice,  however,  was 
discontinued. 

Sideboards  were  added  to  the  overflow  lips  of  the  Callow  cleaners  for  the  purpose  of 
forcing  the  froth  to  travel  to  the  heads  of  the  machines  for  discharge  and  thus  drop  some  of 
the  gangue.  This  method  of  operation  improved  the  grade  of  concentrates  but  at  the  expense 
of  higher  losses  in  the  tailings. 

Thickening  of  the  middlings  pulps  before  returning  them  to  the  head  of  the  flotation 
circuit  was  again  tested,  but  this  time  by  the  installation  of  a  larger  thickener  than  was 
at  first  used  for  this  purpose.  The  test  was  not  successful,  due  to  the  accumulation  of 
colloidal  material  in  the  circuit. 

The  thickened  middlings  pulp  was  then  returned  to  the  classifier  of  the  grinding  unit. 
The  classifier  rake  speed  was  decreased  and  the  slope  increased  for  the  purpose  of  prevent¬ 
ing  the  return  of  fines  to  the  grinding  mill.  This  method  of  handling  middlings  returned 
the  slimes  to  the  rougher  flotation  unit  and  was  abandoned  because  it  produced  "wild  froth" 
in  the  rougher  cells  which  in  turn  lowered  the  grade  of  concentrates  without  decreasing  the 
loss  in  the  tailings. 

The  addition  of  0.10  pound  of  caustic  soda  per  ton  of  ore  treated  to  No.  1  cleaner  cell 
aided  the  control  of  froth  which  had  been  difficult  in  the  cleaner  units  due  to  accumulation 
of  slimes.  This  reagent  increased  the  grade  of  cleaner  concentrates  from  3  to  4  per  cert 
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Concentrates  i  i  pi 
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Figure  l.-Flow  sheet  of  ore  treatment 
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and  decreased  the  loss  of  MoSo  in  the  cleaner  middlings  by  10  per  cent.  The  caustic  soda, 
however,  finally  began  to  appear  in  the  mill  feed  water  and  this  condition  increased  the 
tailings  loss  in  the  rougher  cells.  After  reducing  the  amount  of  caustic  soda  added  to  0.05 
pound  per  ton  of  material  treated,  it  was  finally  discontinued. 

The  classifying  of  flotation  concentrates,  with  the  idea  of  separating  the  coarser 
material  for  additional  grinding,  indicated  that  higher-grade  concentrates  could  not  be  pro¬ 
duced  by  this  method. 

The  No.  1  cleaner  cell  was  discontinued  as  a  cleaner  and  was  put  into  service  as  a 
primary  rougher  machine.  This  change  resulted  in  decreased  loss  in  tailings  of  1  to  1.5  per 
cent,  increase  of  5  to  6  per  cent  in  the  grade  of  concentrates  and  an  increase  in  recovery 
from  88  to  93  per  cent. 

Table  1  presents  metallurgical  data  during  this  period  of  experimental  work  in  the  old 
concentrator. 

Construction  of  the  new  concentrator  was  started  in  1929  and  the  operation  of  this  new 
plant  began  on  February  1,  1930. 


Table  1.-  Metallurgical  data.-for  experimental  period.';_in_tne  old  concentrator 


Reagents  used  oer  ton  of 

ore  ireir 

ited.  Dounds 

Assays 

Plus 

Pine  oils 

Der  cent  MoS  o 

Recovery 

100-mesh 

Solids  in 

Test 

Ipens."'- 

caustic 

Sodium 

Xan-  1 

1 

i 

of  Wo.Sj, 

material 

flotation 

period 

Yarmor 

cola 

C.N.S. 

Toral 

soda 

cyanide 

thate 

Conoen- 

Tail- 

per  cent 

in  heads. 

pulp. 

o 

o 

o 

.5. 

Heads 

ira.tea. 

in£? 

1 er.cent- 

oer  cent 

1 

3.00 

3.00 

_ 

6.00 

0.09 

0.20 

- 

5.40 

73.35 

0.58 

89.64 

4.00 

20 

2 

- 

1.60 

0.40 

2.00 

0.09 

0.20 

- 

4.84 

72.42 

0.46 

89.73 

1.50 

20 

3 

1.375 

1.375 

- 

2.75 

0.09 

0.20 

- 

6.33 

71.96 

0.6S 

39.26 

3.00 

19 

4 

- 

1.65 

0.85 

2.50 

- 

0.13 

- 

6.10 

1  72.50 

0.83 

86.55 

0.70 

18 

- 

1.60 

0.40 

2.00 

- 

0.16 

- 

6.19 

75.35 

0.74 

88.30 

0.35 

18.5 

6 

- 

1.25 

0.25 

1.50 

- 

0.14 

- 

6.30 

74.48 

0.67 

89.36 

2.05 

20 

7 

- 

0.83 

0.17 

1.00 

- 

0.C.9 

" 

5.28 

75.53 

0.78 

85.23 

2.67 

22.5 

8 

- 

0.58 

0.12 

0.70 

- 

0.09 

0.16 

5.70 

74.30 

0.82 

85.64 

- 

- 

9 

- 

0.83  i  0.17 

1.00 

- 

0.09 

- 

5.19 

74.50 

0.64 

87.66 

2.00 

21 

PRESENT  METHOD  OF  CONCENTRATING 

Tne  flow  sheet  of  ore  treatment  as  practiced  at  present  is  given  in  Figure  1;  the  sizes 
of  equipment  used  are  shown  in  the  legend. 
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Number 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


Legend  for.Fignre  1 


I _ bines _ _ 

[Reserve  coarse-ore  storage  bin,  300-ton  capacity. 
Coarse-ore  bin,  12-ton  capacity. 

8ar  grizzly,  inch  openings, 
luniversal  jaw  crusher,  9  by  14  inch. 

[Bucket  elevator. 

Mechanical  sampler. 

Fine-ore  storage  bin,  100-ton  capacity. 

Belt  conveyor,  20-inch. 

Belt  conveyor,  12-inch. 

Marcy  ball  mill.  No.  54. 

Dorr  simplex  classifier,  3  by  18  foot. 

Callow  rougher  flotation  machine,  2  by  21  foot. 
Callow  primary  cleaner,  t6-inch  by  8- foot. 
American  centrifugal  pump,  2-inch. 

Callow  secondary  cleaner,  16-inch  by  8-foot. 
Callow  scavenger,  16-inch  by  8-foot. 

Mechanical  sampler. 

Wilflpy  sand  pump,  2-inch. 

American  centrifugal  pump,  2-inch 
American  centrifugal  pump,  2-inch. 

Mechanical  sampler. 

Dorr  thickener,  14  by  8  foot 
Diaphram  pump. 

American  filter,  4-foot,  single  leaf. 

[stove  for  drying  concentraces. 

[Cameron  centrifugal  pump,  1-inch. 

[American  centrifugal  pump,  2-inch. 

[.Storage  tank  for  mill  water. 


1  Numbers  correspond  to  numbers  given  in  Figure  1 


Coa rse  Crushing 

Ore  is  transported  from  the  mine  to  tne  concentrator  in  automobile  trucks  during  the  day 
snift  only.  At  the  concentrator,  the  trucks  dump  the  ore  into  a  12-ton  capacity  bin  which 
serves  the  crusher.  If  this  small  bin  is  full,  the  ore  is  delivered  to  a  300-ton  capacity 
storage  bin  from  which  it  is  transported  to  the  crusher  Pin  in  a  1-ton  capacity  mine  car. 

The  Universal  9  by  14  inch  jaw  crusher  is  driven  by  belt  and  is  set  at  l-J—inch  openings. 
A  bar  grizzly,  with  l|-inch  openings,  is  placed  between  the  bin  and  crusher.  The  crusher 
has  capacity  to  hand]?  60  tons  of  Questa  ore  per  eight  hours  but  crushes,  on  the  average, 
about  16  tons  per  eight  hours.  The  crusher  product  contains  about  5  per  cent  plus  l^-inch 
ring  size  and  about  40  per  cent  minus  ?-inch  ring  size.  It  joins  the  undersize  of  the 
grizzly  and  is  delivered  to  a  100-ton  capacity  fine-ore  bin  by  a  bucket  elevator. 
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Grin^in? 

From  the  fine-ore  bin  the  ore  is  delivered  to  a  20-inch  conveyor  belt,  feeding  a  12- 
inch  conveyor  belt  which  in  turn  feeds  a  No.  54  Marcy  ball  mill.  The  ball  mill  wixch  oper¬ 
ates  in  closed  circuit  with  a  Dorr  rake  classifier  is  driven  at  a  speed  of  27  r.p.m.  through 
a  fiiction  clutch  and  is  equipped  with  a  erate  discharge  which  has  3/16-inch  openings. 

The  ball  load  is  maintained  at  about  4,200  pounds  by  the  addition  of  4-inch  forged  steel 
balls.  Ball  consumption  amounts  to  about  1^  pounds  per  ton  of  ore  ground. 

liiners  are  of  molybdenum-chrome  steel,  and  liner  consumption  amounts  to  0.934  pound  per 
ton  of  ore  ground. 

During  the  first  ten  months  of  operation  in  1S30  me  Marcy  mill  operated  6,378  hours 
out  of  a  possible  6,936  hours.  During  this  period,  one  set  of  side  liners  was  replaced  and 
various  construction  difficulties  were  encountered,  but  the  lost  time  amounted  to  less  than 
1  per  cent- 

The  3  by  13  foot  Dorr  classifier  which  operates  in  closed  circuit  with  the  iiiarcv  mill 
is  set  at  a  slope  of  2-J  inches  to  the  foot,  and  the  rakes  have  a  speed  of  12  strokes  per 
minute . 

The  launder  used  to  convey  the  ball-mill  discharge  to  the  classifier  nas  a  slope  of  1^ 
inches  per  foot  and  is  lined  with  3/16-inoh  steel  plate.  The  launder  which  returns  classi¬ 
fier  sands  to  the  call  mill  has  a  slope  of  3^  inches  per  foot;  this  slope  is  the  maximum 
that  could  be  obtained  with  the  set-up  that  existed  at  the  time  of  rebuilding  the  mill. 

Pulp  density  in  the  ball  mill  is  maintained  at  about  80  per  cent  of  solids  and  that  in 
the  classifier  from  20  to  22  per  cent  of  solids.  The  classifier  is  equipped  with  a  hydro¬ 
meter,  installed  at  the  overflow  end,  to  assist  in  maintaining  the  desired  pulp  density. 
The  hydrometer  operates  a  pointer  which  indicates  the  percentage  of  solids  in  the  classifier 
on  a  dial.  The  dial  is  visible  from  various  distant  points  of  the  building.  This  arrange¬ 
ment  has  proved  to  be  of  great  value  in  indicating  quickly  such  conditions  as  changes  in 
water  or  ore  feed  or  a  change  in  the  character  of  the  ore. 

The  Marcy  mill  is  at  present  grinding  about  39  tons  of  ore  per  24  hours  and  the  classi¬ 
fier  is  handling  a  circulating  load  of  about  280  per  cent  based  on  new  ore  feed.  Both 
machines  are  operating  far  below  their  capacities. 

Table  2  presents  typical  screen  analyses  of  final  and  intermediate  grinding  products  and 
also  indicates  the  percentage  of  solids  in  the  various  pulps. 


Table  2 .  -  Typical  screen  analyses,  of  .Xi  DSi  rmedi  ate  grind  in  p  roducts 


Test  1 

Test  2 

Test  3 

Ball 

Clas- 

Ball 

Clas- 

Ball 

Idas- 

mill 

Clas- 

sifier 

mill 

Clas- 

si fier 

mill 

Clas- 

sifier 

dis- 

sifier 

over- 

dis- 

sifier 

over- 

dis- 

sifier 

over- 

charge. 

sand. 

flow. 

charge. 

sand. 

flow. 

charge. 

sand. 

flow , 

per 

per 

per 

per 

per 

per 

per 

per 

per 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Solids  in  pulp  . 

80.0 

70.00 

20.5 

85.0 

68.0 

21.0 

77.9 

70.0 

20.0 

Screen  sizes,  mesh: 

Plu.s  10  . 

1.33 

1.72 

- 

1.49 

1.92 

1.91 

1.85 

- 

Minus  10  plus  20  . 

3.60 

3.69 

- 

3.48 

6.75 

- 

6.18 

3.26 

- 

Minus  20  plus  30  . 

7.11 

7.61 

- 

6.60 

7.75 

- 

6.98 

5.74 

Minus  30  plus  40  . 

8.76 

8.75 

- 

7.60 

10.05 

- 

7.38 

8.o6 

Minus  40  plus  100  . 

44.89 

48.05 

0.85 

40.00 

45.40 

0.51 

35.92 

45 . 05 

0.68 

Minus  100  plus  150  . 

12.76 

14.00 

9.48 

14.55 

14.01 

7.88 

14.45 

17.05 

9.87 

Minus  150  plus  200  . 

11.30 

10.01 

20.80 

13.00 

8.1] 

17.39 

12.90 

11  .65 

16.44 

Minus  200  . 

10.01 

6.56 

68.38 

12.65 

5.16 

73.49 

13.28 

1  6.60 

7*5. 01 

Total  ..  . 

-§2^76. 

iog_39 

99.51 

99  37 

i  99.15 

_99.-.26 

99.00 

_99^QQ 
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Flotation 


/ 


The  classifier  overflow  pulp  is  treated  in  a  Callow  rougher  machine.  The  rougher  pro¬ 
duces  ccncentrates  which  are  cleaned  in  two  stages  of  callow  cells.  The  tailings  of  the 
rougher  are  treated  in  a  Callow  scavenger  cell  which  produces  final  waste  tailings.  The 
middlings  products  from  the  primary  and  secondary  cleaner  cells  together  with  the  froth 
product  of  the  scavenger  cell  are  returned  to  the  head  of  the  flotation  circuit. 

The  Callow  rougher  is  a  7-pan  2  by  21  foot  machine.  The  cleaner  and  scavenger  units 
are  4-pan  16-inch  by  8-foot  cells.  These  cells  are  equipped  with  4-ply,  f-inch  square 
stitched  canvas  blankets.  The  blankets  of  the  rougher  and  scavenger  cells  have  a  life  of 
about  six  months  and  those  of  the  cleaner  cells  last  somewhat  longer. 

Air  is  supplied  to  all  flotation  cells  at  a  pressure  of  4  to  4^  pounds  per  square  inoh 
by  a  No.  2  belt-driven  Root  blower.  The  volume  of  air  consumed  amounts  to  about  800  to  900 
cubic  feet  per  minute  which  is  equivalent  to  about  8  cubic  feet  of  free  air  per  square  foot 
of  blanket  area  per  minute.  The  blower  is  at  present  located  in  the  mill  building,  but  it 
is  planned  to  move  the  blower  to  a  position  outside  the  building  because  dust  in  the  air 
accumulates  on  the  rotors  and  increases  friction  losses.  Forced  oil  feed  is  required  to 
lubricate  the  bearings,  which  tend  to  become  gummy. 

The  flotation  reagents  used  comprise  Pensacola  No.  100  pine  oil,  used  as  a  collector; 
G.  N.  S.  No.  5  pine  oil,  used  as  a  frother;  and  sodium  cyanide,  used  to  depress  pyrite. 
The  pine  oils  are  mixed  in  the  proportion  of  5  parts  of  Pensacola  to  1  part  of  the  G.  N.  S., 
by  volume,  and  the  mixture  is  added  to  the  ball  mill  scoop  box  at  the  rate  of  1  pound  per 
ton  of  ore.  The  sodium  cyanide  is  added  to  the  secondary  cleaner  as  a  10  per  cent  solution 
at  the  rate  of  0.08  pound  per  ton  of  ore  by  a  disk  and  cup  type  feeder. 

A  sketch  of  the  feeder  used  for  the  pine-oil  mixture  is  presented  in  Figure  2.  A 
board  is  caused  to  slide  vertically  up  and  dovm  in  wooden  guides  by  means  of  a  crank  arm 
fastened  to  a  speed  reducer  and  driven  by  a  belt  from  the  same  counter  shaft  which  drives 
the  ball-mill  feed  conveyor.  A  small  cylindrical  cup  is  attached  to  the  lower  end  of  the 
board  by  means  of  metal  strips  which  form  a  fork.  The  lower  end  of  the  cup  is  fastened  to 
a  wire  pivct  which  is  held  by  the  forked  strips.  A  length  of  heavy  wire  is  welded  to  the 
wire  pivot  and  slides  over  a  guide  pin  which  is  attached  to  the  framework  of  the  device  by  a 
metal  strip.  As  the  cup  goes  down,  the  wire  which  slides  over  the  guide  pin  causes  it  to 
assume  an  erect  pcsition,  and  it  is  filled  with  the  liquid  into  which  it  dips.  As  it  rises 
on  the  upstroke  above  the  edge  of  the  pan  holding  the  reagent,  the  wire  slides  forward  over 
the  guide  pin  and  causes  the  cup  to  tip  forward.  According  to  the  position  of  the  guide  pin 
and  the  shape  of  the  slide  wire,  the  cup  tips  more  or  less,  and  a  part  of  its  content  is 
emptied  onto  the  lip  on  the  edge  of  the  pan  and  flows  by  gravity  through  a  small  pipe  to  the 
ball-mill  scoop  box. 

The  principal  reasons  for  the  use  of  pneumatic  flotation  machines  at  this  plant  are  lew 
power  requirements,  simplicity  of  installation  and  upkeep,  and  ease  of  operation  as  com¬ 
pared  to  machines  of  the  mechanical  agitation  type.  It  was,  moreover,  known  that  they  would 
give  satisfactory  differentiation  between  the  molybdenite  and  the  pyrite,  for  the  pyrite  in 
the  ore  appears  to  be  slightly  tarnished  as  it  comes  from  the  mine  and  is  therefore  readily 
depressed . 

Sideboards  are  used  on  the  two  cleaner  machines  to  force  the  froth  to  travel  from  the 
lower  end  to  nearly  the  head  end  before  being  discharged.  This  method  of  operating  gives 
cleaner  concentrates,  because  of  the  increased  opportunity  to  drop  gangue  and  middlings 
particles. 

Metallurgical  data  of  the  flotation  circuit  is  given  in  Table  3. 
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Table  3.-  Flotation  circuit  metallurgical  lata 


MoS 9,  per  cent 


Roue;bor  cell: 

Heads,  not  including  middlings  returned 

Concentrates  . 

Tailings  . 

Primary  cleaner  cell: 

Concentrates  . 

Middlings  . 

Secondary  cleaner  cell: 

Concentrates  . 

Middlings  . 

Scavenger  cell: 

Concentrates  . . 

Tailings  . . 

Recovery  in  final  concentrates  . 


5.2 

30.0 

0.9 

55.0 

4.0 

74.5 

7.0 

1  to  3 
0.6 
87.7 


DEWATERING  AND  HANDLING  OF  CONCENTRATES 

The  finished  concentrates  pulp  of  the  secondary  cleaner  cell  contains  about  3  per  cent 
of  solids  and  is  pumped  to  a  14  by  8  foot  Dorr  thickener,  which  operates  with  a  rake  speed 
of  1  revolution  in  eight  minute® 

The  thickener  underflow  pulp  contains  about  25  per  cent  of  solids  and  is  further  de¬ 
watered  in  a  4-foot,  single-leaf  American  filter.  The  thickener  overflow  is  pumped  to  the 
mill  storage  tank. 

Vacuum  at  the  filter  is  maintained  at  about  17  inches  of  mercury  by  an  8  by  5  inch 
vertical  vacuum  pump.  Palma  reinforced  canvas-twill  filter  cloth  is  used;  the  life  of  the 
cloth  is  about  two  weeks.  Compressed  air  for  the  filter  "blow"  is  taken  from  the  Root 
blower  line. 

The  filter  cake  which  contains  from  10  to  12  per  cent  of  moisture  drops  by  gravity 
through  a  chute  to  a  shelf  located  adjacent  to  the  drying  stove.  This  stove  is  a  rectangular 
brick-walled  inclosure,  4j-  by  6f  feet  inside  dimensions  by  about  3  feet  high,  and  is  eauipped 
with  a  cast-iron  top.  Soft  ooai  is  burned  on  a  grate,  the  hot  gase.s  passing  to  the  other 
end  of  the  dryer  and  up  a  metal  chimney.  The  concentrates  are  Dulled  by  hoe  onto  the  top  of 
the  dryer  at  the  cool  end  and  worked  over  as  they  are  gradually  moved  toward  the  hot  end. 
The  moisture  content  is  reduced  to  an  average  of  per  cent. 

The  only  cost  connected  with  drying  is  for  fuel,  as  the  nan  who  sacks  and  weighs  the 
concentrates  tends  the  dryer.  The  fuel  consumption  amounts  to  about  6  tons  of  coal  per 
month,  which  is  equivalent  to  about  1-^  pounds  of  ooal  per  pound  of  water  eliminated. 

The  dryer,  particulerly  the  smoke  Pipe,  perform.®  the  additional  duty  of  heati.ag  the  mill 
through  the  cold  winter  months,  and  some  part  of  the  coal  used  for  drying  concentrates  would 
be  burned  for  this  purpose  in  any  case. 

The  drier  concentrates  are  piiiled  off  the  dryer  by  hoe  into  sacks,  each  of  which  holds 
about  80  pounds.  In  sackin-g,  some  dust  is  stirred  up;  a  collector  hood  is  being  installed 
to  avoid  this  nuisance  and  to  prevent  loss  of  concentrates.  The  sacks  are  of  burlap  and  are 
lined  with  paper  which  is  cemented  to  the  cloth  with  asphalt.  These  sacks  cost  14  cents 
each,  and  although  they  constitute  one  of  the  largest  supply  costs  for  the  mill  they  are  very 
satisfactory.  Heavy  jute  sacks  with  canvas  liners  were  tried,  but  they  weighed  more  and  the 
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loss  in  and  through  the  fabric  was  considerable,  in  spite  of  a  thorough  dusting  out  at  the 
receiving  end.  The  sacks  are  not  reused  because  of  their  loss  of  strength.  They  are  burned 
to  recover  the  concentrates  which  can  not  be  removed  by  shaking. 

The  sacks  are  closed  by  being  sewed  with  twine,  after  which  they  are  weighed  on  platform 
scales,  tagged,  and  stored  for  shipment. 

DISPOSAL  OF  TAILINGS 

The  tailings  pulp  from  the  scavenger  flotation  cell  is  pumped  to  the  tailings  pond  by  a 
2-inch  Wilfley  sand  pump.  The  pipe  line  discharges  into  a  wooden  launder,  4  by  4  inches  in¬ 
side  dimensions,  located  at  the  tailings  dam.  This  launder  is  set  at  a  slope  of  f  inch  per 
foot  around  the  edge  of  the  dam.  Holes  are  bored  at  regular  intervals  in  the  bottom  of  this 
launder  to  permit  the  tailings  to  drop  into  a  short  distributing  launder.  The  later  has 
notched  edges  to  spread  the  material  evenly  as  possible  and  thus  prevent  its  piling  up;  it 
is  moved  from  point  to  point  along  the  dam  as  desired.  A  low  wall  is  heaped  up,  by  shovel¬ 
ing,  a  few  feet  outside  the  line  of  the  main  launder  to  retain  the  tailings.  The  clear 
water  flows  through  a  stand  pipe  located  in  the  middle  of  the  pond  and  is  discharged  into 
the  river. 

WEIGHTING,  SAMPLING,  AND  ASSAYING 

The  concentrator  heads  are  sampled  as  the  ore  stream  is  discharged  into  the  fine-ore 
bin.  A  mechanical  sampler,  which  consists  of  a  box  slowly  rotated  on  the  end  of  an  arm  3 
feet  long,  cuts  the  ore  stream  and  removes  4  per  cent  of  the  heads  as  a  sample.  The  box, 
after  cutting  the  ore  stream,  is  discharged  by  a  tripper  which  opens  the  counterweighted 
bottom.  The  24-hour  sample  is  reduced  to  about  500  pounds  by  shoveling.  This  heads  sample 
has  been  found  to  give  inaccurate  and  erratic  results.  The  error  apparently  increases  with 
the  moisture  content  of  the  ore  and  is  found  to  be  a  minimum  when  the  moisture  content  of 
the  heads  is  around  2^  per  cent.  The  heads  sample  is  used  for  determinations  of  molybdenum 
and  moisture  contents  of  the  concentrator  feed. 

The  tailings  sample  is  obtained  by  a  mechanical  sampler  located  between  the  scavenger 
flotation  cell  and  the  Wilfley  sand  pump.  Referring  to  Figure  3,  a  pulley  which  is  driven 
by  belt  is  mounted  loosely  between  collars  on  a  length  of  pipe.  One  end  of  the  pipe  passes 
through  a  bearing  which  in  turn  is  mounted  on  the  side  of  the  sample  box,  and  continues 
through  a  90®  elbow,  another  length  of  pipe,  and  a  second  elbow,  to  the  cutter  itself.  The 
latter  consists  of  a  length  of  2-inch  pipe  about  6  inches  long,  closed  at  the  far  end  and 
having  a  narrow  slot  cut  in  the  side  which  is  uppermost  when  the  sample  pipe  is  in  the  posi¬ 
tion  shown  by  the  dotted  lines.  The  sample  consists  of  the  amount  of  pulp  which  enters  the 
slot  as  the  pipe  passes  through  the  stream.  As  the  pulley  turns  slowly,  a  stud  which  is  set 
in  one  of  its  spokes  strikes  a  long  set  screw  attached  to  a  collar  on  the  shaft  pipe,  causing 
it  to  turn.  When  the  sample  pipe  just  passes  its  highest  point  of  travel,  gravity  causes  it 
to  fall  swiftly,  the  sample  being  cut  at  the  lowest  point  of  travel  as  the  cutter  passes 
through  the  stream  of  pulp.  The  momentum  of  the  falling  cutter  causes  it  to  pass  more  than 
halfway  up  the  other  half  of  a  complete  revolution.  A  ratchet  and  spring  arrangement  on  the 
shaft-pipe  prevents  it  from  falling  backward,  and  holds  it  in  such  a  position  that  the 
sample  drains  out  through  the  radial  arm  and  the  shaft  into  a  filter.  The  latter  is  made 
from  an  oil  drum,  by  removing  the  head,  tapping  a  pipe  into  the  bottom  for  connection  to  the 
mill  vacuum  line,  and  attaching  a  screen  near  the  top  of  the  drum.  A  muslin  filter  cloth 
fastened  to  a  snug-fitting  wire  hoop  is  put  over  the  top  of  the  drum  and  rests  on  the  screen, 
a  loose-fitting  cover  is  provided,  slotted  at  one  side  to  pass  over  the  pipe  shaft  of  the 
sampler.  The  filtrate  water,  which  is  perfectly  clear,  is  discharged  intermittently  from  the 
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drum,  as  required,  by  opening  a  valve  in  the  suction  line.  Filter  paper  was  formerly  used 
in  place  of  muslin  but  was  found  to  be  more  expensive,  as  it  could  be  used  only  once,  where¬ 
as  the  muslin  is  washed  and  reused. 

The  S-hour  sample  which  amounts  to  about  1/900  cut  weighs  about  30  pounds.  It  is  dis¬ 
charged  from  the  filter  into  a  tub  and  dried  on  a  stove.  The  tailings  sampler  has  been 
found  to  produce  accurate  samples. 

A  similar  sampler  is  used  to  take  shift  samples  of  the  concentrates  from  the  secondary 
flotation  cleaner  cell.  The  8-hour  concentrates  sample  weighs  about  30  pounds  and  is  used 
only  for  operating  control 

All  ore  is  weighed  in  the  trucks  before  being  dumped  into  the  mill  bins.  The  weight  of 
fine  ore  sent  to  the  bail  mill  is  determined  by  collecting  the  discharge  from  the  conveyor 
belt  at  -j— hour  intervals,  for  a  known  length  of  time.  All  such  samples  are  weighed,  and  the 
weights  are  averaged  for  each  shift.  The  weight  as  determined  by  this  method  usually  agrees 
with  the  truck  weighings  within  1  ton  per  month. 

All  concentrator  samples  are  assayed  by  a  volumetric  method,  which  follows,  in  the  main, 
the  procedure  described  by  J .  P.  Bonardi  in  United  States  Bureau  of  Mines  Bulletin  212, 
Analytical  Methods  for  Certain  Metals,  page  109.  A  weighed  portion  of  the  sample  is  fused 
with  sodium  peroxide,  dissolved  in  water,  and  the  solution  filtered.  A  Jones  reductor  is 
used  to  reduce  the  molybdenum,  after  which  titration  is  performed  with  a  potassium  perman¬ 
ganate  soution  which  has  been  standardized  against  sodium  oxalate  obtained  from  the  Bureau 
of  Standards.  All  results  are  expressed  in  percentage  by  weight  of  MoS?.  About  half  the 
time  of  one  man  is  devoted  to  assaying  the  mine  and  mill  samples. 

WATER  SUPPLY 

An  ample  supply  of  water  for  milling  and  camp  use  is  available  in  Red  River.  The  mini¬ 
mum  creek  flow  is  about  10  second-feet,  which  is  more  than  ample  for  mill  requirements. 

The  fresh  water  supply  may  be  taken  from  the  pipe  line  wnich  serves  the  Pelton  wheel  or 
directly  from  the  river  bottom  above  the  mill  through  a  pipe  line  which  discharges  by  gravity 
into  a  sump  in  the  mill.  V/ater  for  camp  use  is  elevated  to  the  camp  water-supply  tank  from 
this  sump  by  a  Goulds  triplex  pump. 

The  water  is  relatively  soft  and  does  not  contain  impurities  harmful  to  milling  opera¬ 
tions  except  during  intervals  in  spring  and  early  summer  when  the  river  water  is  muddy 
enough  to  interfere  with  flotation  operations.  At  such  times  water  for  milling  purposes  is 
obtained  from  a  small  stream  leading  into  Red  River  directly  across  from  th  mill.  This 
water  flows  by  gravity  through  a  pipe  line  which  crosses  the  river  and  connects  with  the 
mill  supply  system 

The  new  water  consumption  amounts  to  about  2^  tons  per  ton  of  ore  milled.  An  approxi¬ 
mately  equal  amount  is  returned  to  the  ball-mill  circuit  in  the  middlings  pulp  and  some  is 
reclaimed  by  the  thickener  and  filter. 

The  thickener  overflow  water  and  t.he  water  from  the  filter  are  collected  in  a  small 
sump  and  lifted  by  a  2-inch  American  centrifugal  pump  to  the  mill  water-supply  tank  located 
at  the  head  of  the  mill. 

The  camp  uses  about  6  gallons  of  water  per  minute  from  tne  camp  supply  tank.  Probably 
not  over  150  to  175  persons  out  of  a  total  of  250  use  this  supply. 

POWER 

Power  for  milling  operations  is  furnished  by  a  water  wheel,  except  in  winter  months  when 
the  water  is  low.  During  the  low-water  period  a  Diesel  engine  provides  the  power. 
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The  water  wheel  was  installed  when  the  mill  was  built  in  1923,  and  at  that  time  suffi¬ 
cient  water  was  available  for  continuous  operations  on  the  basis  of  20  tons  daily  capacity. 
When  the  mill  was  rebuilt  in  1930,  however,  it  was  known  that  sufficient  water  power  would 
not  be  available  during  the  entire  year,  and  the  engine  was  installed  at  that  time. 

Water  for  the  operation  of  the  wheel  is  diverted  from  Red  River  by  a  small,  cribbed, 
rock-filled  dam,  which  is  about  20  feet  wide  and  4  feet  high;  it  flows  through  a  wooden 
flume,  a  distance  of  6,800  feet  to  the  penstock  above  the  wheel. 

The  water  drops  from  the  penstock  to  the  wheel  through  two  16-inch  diameter  straight- 
riveted,  flanged  pipes,  which  join  in  a  short  length  of  20-inch  diameter  pipe  at  the  bottom. 
The  second  pipe  was  added  when  the  mill  was  rebuilt.  The  intake  pipes  are  400  feet  long  and 
the  head  on  the  wheel  is  110  feet. 

The  power  element  is  a  Felton  water  wheel  which  has  a  pitch  diameter  of  66:J-  inches  and 
v/hich  is  equipped  with  a  5  7/16-inch  shaft.  This  wheel  was  originally  designed  to  deliver 
about  350  hp.,  and  was  obtained  secondhand  for  this  installation.  Its  speed  under  the  pres¬ 
ent  normal  load  is  146  r.p.m.  The  original  4.^-inch  nozzle  was  replaced  by  a  double  nozzle 
having  one  3-inch  and  one  4-inch  opening. 

The  wheel  is  connected  by  belt  to  the  main  drive  shaft  of  the  mill  through  a  jaw  clutch. 
A  15-kilowatt,  110-volt,  direct-current  generator,  connected  to  the  wheel  by  belt,  supplies 
power  for  electric  lighting.  A  24-inch  Felton  wheel  drives  this  generator  when  the  larger 
wheel  is  not  in  operation.  A  third  and  still  smaller  wheel  furnishes  power  for  the  machine 
shop . 

The  construction  of  the  flume  which  is  used  at  present  for  conveying  water  to  the  Felton 
wheels  is  shown  in  Figure  4.  This  flume  normally  carried  about  15  inches  of  water  at  a 
velocity  of  4  feet  per  second,  a  flow  which  amounts  to  approximately  14  second-feet.  It  is 
set  on  a  grade  of  1-1^  feet  per  thousand  feet  and  was  built  at  a  cost  of  $2.50  per  foot.  It 
is  equipped  with  a  sand  box  located  about  200  feet  from  the  upper  end  which  effectively  pre¬ 
vents  the  accumulation  of  sediment  in  the  flume. 

The  engine  is  a  4-cycle,  4  cylinder,  Chicago-Fneumatic,  lOf  by  13f  full  Diesel  type. 
It  is  rated  at  160  hp.  at  sea  level  and  delivers  119  hp.  at  its  present  altitude  of  8,100 
feet.  The  engine  is  equipped  with  a  Midwest  intake  air  filter,  a  De  Laval  oil  separator 
which  removes  considerable  carbon  from  the  lubricating  oil,  and  an  exhaust  muffler  pot  which 
very  successfully  eliminates  the  noise  of  the  exhaust.  Cooling  water  on  leaving  the  engine 
goes  to  a  riffle-type  cooler  on  the  roof  of  the  building  and  from  there  to  a  3,000-gallon 
capacity  water  tank.  Starting  air  at  350  pounds  pressure  is  furnished  by  a  2-stage  vertical 
4-j  by  2  by  4^  inch  Gardner-Denver  "Rix"  compressor,  which  is  connected  by  belt  to  a  5  to  8 
hp.,  1-cylinder,  I'ew-way  air-cooled  gasoline  engine.  The  Diesel  engine  is  connected  by  belt 
to  the  main  shaft  through  a  friction  clutch.  A  jaw  clutch  in  the  main  shaft  disconnects  the 
Diesel  pulley  when  the  engine  is  idle. 

Comparative  operating  costs  for  power  generated  by  the  Felton  water  wheel  and  by  the 
Diesel  engine  are  presented  in  the  tabulation  v/hich  follows. 


Operating  costs  for  power  Rene rated  by  the  Felton 
water  wheel  and  the  Diesel  engine 


1  Cost  j| 

Cost 

Felton  water  wheel 

;  per  hp.  Ij  Diesel  engine 

per  hp. 

hour  II 

hour 

Operating  labor 

$0.000833llFuel  oil  . 

$0.00738 

llLubrioating  oil 

0.00041 

11 

$0 . 00779 
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These  operating  costs  are  based  on  the  following  data;  Operating  labor  for  the  water 
wheel  consists  of  part  of  the  time  of  one  man  to  inspect  and  repair  the  flume.  Operating 
labor  is  not  charged  to  the  engine,  as  an  increase  in  force  does  not  result  from  its  use. 
The  cost  of  operating  and  repair  supplies  for  the  wheel  is  negligible.  The  engine  consumes 
125  gallons,  or  815  pounds  of  fuel  oil  per  24  hours  at  an  average  three-quarters  load,  at 
1.845  cents  per  pound.  It  also  uses  0.0546  gallon  of  lubricating  oil  per  hour  at  75  cents 
per  gallon.  The  average  output  of  both  prime  movers  is  estimated  at  100  hp. 

The  cost  of  installing  the  Pelton  wheel  and  flume  line  wa.s  about  $23,000.  That  of  the 
Diesel  engine  and  all  accessories,  including  the  building  and  foundations,  v/as  about  $15,000. 
Repair  costs  on  the  Diesel  during  its  first  year  of  operation  have  been  negligible,  and  offer 
no  basis  on  which  to  estimate  this  item  for  the  future.  Repair  costs  on  the  flume  will 
doubtless  increase.  The  saving  in  power  cost  by  the  use  of  available  water  power  amounts  to 
over  $500  per  month.  The  operating  cost  for  Diesel  power  at  this  plant  is  ten  times  that  of 
water  power. 


CONVEYING  AND  PUMPING 

A  bucket  elevator  receives  the  broken  ore  and  by-passed  fines  below  the  jaw  crusher  and 
elevates  these  products  about  22  feet  to  the  top  of  the  fine-ore  bin. 

A  24-inch  conveyor  belt,  15  feet  long,  delivers  the  ore  from  the  fine-ore  bin  to  a  12- 
inch  cross  conveyor  oelt,  which  in  turn  feeds  the  ball  mill.  The  24-inch  conveyor  is  driven 
intermittently  by  a  ratchet  and  pawl  feeder,  and  the  speed  of  this  belt,  which  averages 
about  20  inches  per  minute,  governs  the  rate  of  feed  to  the  ball  mill. 

The  classifier  overflow  pulp  is  conveyed  by  launder  to  the  roug,her  flotation  machine. 
The  concentrates  froth  from  the  rougher  flows  by  launder  to  the  primary  cleaner.  The  con¬ 
centrates  froth  from  the  primary  cleaner  cell  is  pumped  to  the  secondary  cleaner  and  the 
froth  from  that  machine  is  pumped  to  the  thickener  by  2-inch  American  centrifugal  pumps. 
The  rougher-cell  tailings  are  conveyed  by  launder  to  the  scavenger  machine.  The  middlings 
of  the  cleaner  cells  and  the  froth  from  the  scavenger  machine  are  collected  in  a  sump  and 
returned  to  the  ball-mill  discharge  by  a  2-inch  American  centrifugal  pump.  Tailings  from 
the  scavenger  cell  are  elevated  about  25  feet  by  a  2-inch  Wilfley  sand  pump  and  discharged 
into  a  2-inch  pipe  line  which  extends  on  a  down  grade  to  the  tailings  pond. 

The  pumps  mentioned  are  each  driven  by  belt.  The  launders,  8  inches  wide  and  6  inches 
deep  inside,  are  made  of  1-inch  lumber  and  placed  on  a  slope  of  about  inch  per  foot,  with 
the  exception  of  the  froth  launder  from  the  rougher  to  the  primary  cleaner,  which  has  a 
slope  of  about  |  inch  per  foot.  The  launders  are  not  lined. 

CONCENTRATOR  LOSSES 

From  the  results  of  microscopic  analyses,  made  prior  to  1930,  using  magnifications  of 
30  diameters,  it  was  concluded  that  grinding  to  minus  150-mesh  size  liberated  practically  all 
of  the  M0S2  from  the  gangue.  At  this  time,  therefore,  it  was  believed  that  all  losses  of 
MoSo  in  tailings  were  due  to  the  presence  of  slimes  contained  in  the  flotation  pulp. 

The  ore  contains  some  primary  slimes  but  probably  not  in  sufficient  quantity  to  inter¬ 
fere  with  flotation  results,  and  it  was  therefore  concluded  that  the  losses  were  occasioned 
by  slimes  produced  in  grinding  operations. 

The  installation  of  a  grate-discharge  ball  mill  decreased  the  amount  of  slimes  produced 
in  grinding  operations,  but  large  amounts  are  still  produced  and  efforts  have  been  made  to 
further  decrease  the  slime  content  of  the  flotation  pulp. 
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At  times  the  concentrator  feed  has  contained  large  amounts  of  kaolin  or  other  talcose 
alteration  products,  but  the  removal  and  separate  treatment  of  such  material  has  never  been 
considered  because  of  the  small  amounts  present  and  the  assumption  of  increased  operating 
costs  for  such  procedure. 

Early  in  1950  a  microscope  capable  of  magnifying  250  diameters  v/as  acquired,  and  its 
use  revealed  that  the  M0S2  was  not  liberated  as  completely  as  was  formerly  believed.  Micro¬ 
scopic  analyses  indicated  that  from  70  to  SO  per  cent  of  the  MoSo  contained  in  the  tailings 
was  attached  material. 

Particles  of  quartz  and  pyrite  •which  had  appeared  perfectly  barren  at  magnifications  of 
50  diameters  were  seen  to  have  numerous  extremely  small  particles  of  molybdenite  attached  to 
them.  The  microscope  likewise  showed  that  60  to  70  per  cent  of  the  gangue  contained  in  the 
concentrates  was  attached  to  molybdenum  sulphide.  It  was  evident  that  crushing  sufficiently 
fine  to  liberate  such  material  was  impracticable,  and  at  the  same  time  it  was  concluded  that 
slimes  contained  in  the  flotation  circuit  had  not  been  as  serious  a  cause  of  loss  as  was 
formerly  believed. 

Experimental  work  is  being  carried  on  with  the  object  of  recovering  more  of  the  attached 
M0S2,  v/hich  is  at  present  lost  in  the  tailings.  If  the  flotation  of  these  included  grains 
proves  feasible  the  grade  of  concentrates  can  bo  improved  by  additional  grinding  and  flota¬ 
tion  of  the  middlings  product  obtained  in  a  separate  unit. 

LABOR 

The  mill  crew  consists  of  one  man  at  the  crusher  during  day-shift  only;  one  operator  on 
each  shift  who  tends  tc  the  ball  mill,  flotation  machines,  and  other  mill  machinery;  one 
filter  man  for  each  shift  who  also  takes  care  of  drying  and  sacking  the  concentrates;  half 
of  the  time  of  a  repairman  on  day  shift,  one  assayer  on  day  shift,  and  a  superintendent,  or 
a  total  of  9^  man-shifts  per  24  hours.  The  assayer 's  time  is  only  partly  spent  on  mill  work, 
the  rest  being  devoted  to  assaying  mine-ore  samples  and  to  duties  in  the  store  and  ware¬ 
house  . 


MISCELLANEOUS 

The  mill  is  of  frame  construction,  with  concrete  fcundations  and  floors.  It  is  heated 
by  the  dryer  stove  and  two  coal-burning  heaters,  one  of  which  is  also  used  to  dry  samples. 
Fire  protection  consists  of  soda-acid  fire  extinguishers  and  a  fire  hose  connected  to  the 
high-pressure  water  line. 

METALLURGICAL  DATA  AND  COSTS 

Table  4;  a  summary  of  concentrator  costs  for  the  same  period  is  given  in  Table  5;  and 
Metallurgical  data  for  the  period  February  1  to  November  50,  1950,  are  presented  in 
Table  6  shows  costs  in  un’-^s  of  labor,  power,  and  supplies. 
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Table  4.-  Metallurgical  data.  February  1  to  November  50,  1950 


Ore  treated,  wet  tons  . 

Days  operated  . 

Hours  operated  per  day  . 

Average  ore  treated  per  day,  tons  . 

Concentrates  produced,  tons  . 

Average  concentrates  produced  per  day,  tons  . 

Ratio  of  concentration,  tons  into  1  . 

Feed,  per  cent  of  M0S2  . 

Concentrates,  per  cent  of  MoSj  . 

Tailings,  per  cent  of  M0S2  . 

Recovery  of  M0S2,  per  cent  . 

New  water  consumption  per  ton  of  ore  treated,  tons 

Ball  consumption  per  ton  of  ore,  pounds  . 

Liner  consumption  per  ton  of  ore,  pounds  . 

Cyanide  used  per  ton  of  ore  treated,  pounds  . 

Flotation  oil  per  ton  of  ore  treated,  pounds  . . 


Ill, 239 
1  239 

1  23.80 

I  38.9 

673 
2.33 

16.7 
5.03 

71.13 

0.68 

86.8 

2.5 

1.5 
0.934 
0.08 
1.00 


Table  5.-Summar.y  of  concentrator  costs.  February  1  to  November  30.  1930 


Breaking: 

Labor 


Cost  per  ton  of  ore  treated 
$0.14 


Concentrating : 

Labor,  operating,  including  supervision 
Supplies,  operating  . 


1.07 

.90 


Assaying ; 
Labor  .... 
Supplies 


.12 

.06 


Repairs: 
Labor  .... 
Supplies 


.20 


.05 


FOMI. 

Total 


$2.69 
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Table  6.-  Concentrator  costs  in  units  of  labor,  power,  and  supplies 


Labor: 

Breaking  . 

trilling,  which  includes  grinding, 

classifying,  and  flotation  . 

Dewatering  and  handling  concen¬ 
trates,  including  filtering,  dry¬ 
ing,  and  sacking  . 

Tailings  disposal  . 

Assaying  . 

Supervision  . 

Miscellaneous  .  . 


Average  or  total 


Power: 

Breaking  and  elevating  . 

Grinding  . 

Classifying  . 

Flotation  . 

Dewatering  and  handling  concentrates  . 

Tailings  disposal  . 

Water  supply 

Total  . 

Supply  Consumption  and  Cost  of  Supplies: 
Reagents,  pounds  per  ton; 

Cyanide  . 

Flotation  oil  . 

Miscellaneous : 

Balls,  pounds  per  ton 

Ball  mill  liners,  pounds  per  ton  .. 

Sacks,  number  per  ton  . 

Coal  for  heating  and  drying, 

pounds  per  ton  . 

Other  supplies  . 

Total  operating  supplies  . 


Man-shifts  per  ton 


0.0256 


.0770 


.0770 

.0064 

.0256 

.0256 

.0064 


0 . 2436 


Kilowatt-hours  per  ton 


1.1 

20.0 

2.6 

13.3 

5.5 

2.6 

1.3 


46.4 


0.08 

1.00 


1.5 


at 


22.4 


$0.24 

per 

pound 

=  $0.02 

per 

ton 

of 

ore 

$0.73 

per 

gallon 

=  $0.09 

per 

ton 

of 

ore 

$0,053 

per 

pound 

=  $0.08 

per 

ton 

of 

ore 

$0,150 

per 

pound 

=  $0.14 

per 

ton 

of 

ore 

li  at 

$0.14 

=  $0.21 

per 

ton 

of 

ore 

$14.60 

per 

ton 

=  $0.18 

per 

ton 

of 

ore 

$0.18 

per 

ton 

of 

ore 

$0.90 

per 

ton 

of 

ore 
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Note;  Box  is  made  of  select  common  Oregon  fir,  surfaced  on  two  sides, edges 
plowed  1/2  by  1/2  inch,  in  16-foot  lengths.  Collars  are  of  native  pine 
and  are  spaced  at  4-foot  centers,  every  fourth  collar  having  4  by  6  inch 
top  and  bottom,  and  4  by  6  inch  fillers  at  the  sides,  to  give  nailing  space 
at  the  box  joints.  Splines  are  of  7/16  by  15/16  inch  white  pine.  The  box 
is  boarded  over  and  heaped  with  earth,  where  possible,  to  prevent  freezing. 
The  grade  is  I  1/2  feet  per  1,000;  average  depth  of  water  Is  15  inches; 
velocity,  4  feet  per  second 

Figure  4. -Flume  for  water-power  plant 
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MIUIEG  MTTS  OP  EGYPT 


1 


By  E.  P.  Youngmaji^ 


PREPATORY  NOTE 

This  paper  presents  one  of  a  series  of  digests  of  foreign  mining  legisla¬ 
tion  and  conrt  decisions  that  is  Being  nrenared  in  a.dvanc6  of  a  general  report 
relative  to  the  right  of  American  citizens  to  exnlore  for  min'.rals  and  to  own 
and  operate  mines  in  various  foreign  countries.  This  interpretation  of  the 
mining  laws  of  Egypt  was  prepared  from  the  "Rules  and  Regulations  as  to  Mining" 
of  the  Egyptian  Government  and  was  checked  against  the  answers  ma,de  hy  the 
Egj’ptian  Ministry  of  Poreign  Affairs  to  a  questionnaire  of  the  United  States 
Bureau  of  Mines?  forvarded  oy  W.  M,  Jardine?  Anerican  minister  at  Cairo,  and 
transmitted  thipu^  the  ccortesy  of  the  Department  of  State, 

II5TR0nJCTI01T 

Gold  and  precious  stones  were  mined  in  Eg:rpt  in  prehistoric  times.  This 
mining,  carried  on  at  intervals,  extended  ever  thousands  of  years,  until  about 
1300  A. D.  Then  ensued  a  dormant  period  of  several  hundred  years.  In  the  mean¬ 
time  Europe  made  great  progress  in  raining  practice,  metallurgy,  and  geology 
and  sent  out  various  expeditions  during  the  nineteenth  century  to  investigate 
ancient  mines.  But  the  exploratory  work  produced  no  material  results,  and  not 
until  the  Beginning  of  the  present  century  did  acti^al  mining  recommence.  The 
reopening  of  old  gold  mines  in  Rlaode^da  aroused  interest  in  London  and  Paris, 
and  these  cities  provided  rhe  capital  nocescary  for  the  investigation  of  the 
atneient  mines  in  West  Africa  and  Egypt.  Speculation  resulted  in  the  division 
of  most  of  the  uncultivated  area  of  B^ypt  and  the  Sudan  into  huge  concessions, 
and  a  nmBer  of  expeditions  were  made;  But  after  an  unprecedented  activity  in 
West  Africa,  reaction  set  in.,  and  the  flow  of  capital  ceased.  The  concession- 
tires,  mostly  individuals  with  insufficient  capital  and  with  a  misconception 
of  the  initial  difficulties  of  communication,  water  supply,  and  labor,  allowed 


1  -  (The  Bureau  of  Mines  will  welcome  the  reprinting  of  this  paper,  provided 

the  follo\'Ting  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S. 
Bureau  of  Mines  Information  Circular  6553." 

2  -  Rare  metals  and  nonraetals  division,  U.  S.  Bureau  of  Mines. 

3  -  Ministry;'  of  Finance,  Egypt,  Rules  and  Reg’ilations  as  to  Mining:  Dept,  of 

Mines  and  Quarries,  Cairo,  1931,  94pp. 
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many  concessions  to  expire  "befors  they  had  "been  thoroughly  prospected.  This 
abandonment,  coupled  with  misrepresentation  concorning  the  gold  mines,  brought 
all  mining  in  Egypt  into  disreuute. 

In  1906,  however,  following  the  organization  of  the  nucleus  of  a  mining 
department  in  1905,  the  present  system  of  licensing  and  leasing  superseded 
the  old  concession  system,  and  from  that  time  on  gradual  Improvement  has 
taken  place  in  mining  in  Egypt. 

In  1907  the  Department  of  Mines  was  limited  in  expenditures  to  its  earn¬ 
ing  capacity.  To  encourage  an  infant  industry  and  to  increase  the  revenue 
of  the  Government  from  this  source  without  an  excess  in  expenditures  over 
earnings  became  the  chief  aims  of  the  department.  The  first  step  taken  was 
the  standardization  of  agreements  (licenses  and  leases).  Their  prompt 
iss-uance  was  insisted  upon,  ajid  all  attempts  on  the  part  of  influential  indi¬ 
viduals  or  compajiies  to  obtain  favors  were  resisted.  Tho  effect  of  this 
policy  itu^de  itself  evident  in  the  gradual  and  steady  rise  of  the  revenue  of 
the  department,  until  in  1911  (after  five  years'  work)  it  exceeded  L  E. 10,000 
a  year.  Phosphate,  ma,nganese,  and  petroleum  during  subsequent  years  succeeded 
each  ether  in  economic  development  at  the  hands  of  foreign  capitalists;  and 
by  1926  the  revenue  to  the  Government  from  the  mining  industry  had  reached 
h  E.  83,500  a  year,  representing  an  increase  in  the  earning  capacity  of  the 
Mining  Department  in  21  years  of  i  E.  81,000  annually.  During  the  10-year 
period  of  1918  to  1928,  which  may  be  considered  the  period  of  highest  produc¬ 
tion,  the  excess  of  revenue  over  expenditures  ranged  from  50  to  more  than 
100  per  cent. 

In  1910  the  department  took  charge  of  quarries,  which  had  been  under  no 
definite  scheme  of  control,  but  which  had  been  sunervised  by  different 
Government  agencies.  Qparries  in  some  instances  had  been  granted  on  a  life 
tenure,  and  noiB  but  the  most  primitive  methods  of  stone  extraction  had  been 
employed.  Under  a  system  of  leasing,  illicit  quarrying  has  been  checked, 
and  the  industry  has  been  brou.^t  under  such  control  that  it  is  now  yielding 
a  much  more  adequate’ rctiirn  to  the  State.  The  revenue  from  quarries  in  1910 
amounted  to  4.  E.  1,803  and  in  1928  (up  to  December  1)  to  i  E.  23,662. 

In  1920  the  department  established  an  office  for  the  investigation  cf 
petroleum;  and  in  the  summer  of  1928,  because  of  the  receipt  of  numerous 
applications  for  permission  to  work  the  black  sands  on  the  northern  coast  of 
Egjppt,  it  began  to  investigate  the  terms  under  which  licenses  and  leases  for 
that  type  of  mining  should  be  granted. 

Although  the  publication  of  a  mining  law  for  Egypt  is  looked  for  within 
the  next  two  years,  according  to  an  official  Government  report, ^  the  new  law 
is  not  to  be  a  drastic  revision  of  the  existing  code,^  but  rather  a  "crystal¬ 
lization  of  the  present  system  of  control  into  a  definite  statute,"  The 

4  -  Ministry  of  Finance,  Egj/pt,  Report  of  the  Department  of  Mines  and  Quarries, 

1928:  Cairo,  1930,  44  pp. 

5  -  See  footnote  3, 
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present  system  (that  of  granting  general  prospecting  ri^tsi- with’ option  to 
lease  restricted  areas)  came -into  existence  in  1906  upoh^the  abolition  of 
the  old  concession  system,  as  has  been  indicated  in  a  preceding ^paragraph. 

RIGHTS  0FTC511IGHERS 

•  Poi-eigners  are  permitted  to  explore  for  minerals 'and  to  own  and  operate 
mines  on  eq-ual  terms  with  subjects  of -the  v’Royal  Egyptian  Government. 

Foreign 'corporations  need  not  incorporate  under  the  laws  of  Egypt, 

With  respect  to  petroleum,  the  Egrptian  'Government  reserves  the  right 
of  preemption,  or  of  preferential  purchase,  althou^  all  nationalities  may 
engage  in  oil  mining. °  -  ■ 

Foreign  labor  also  may  be  ^ployed.  In  fact;’ -in  1928  the  . monthly  aver¬ 
age  was  125  foreigners  and  3,034  Egyptians. 

OWNERSHIP 

*  •  .  I  I  V  •  '  . 

The  standard  mineral  mining  lease  and  the'-petroleum  mining  lease  both 
contain  the  following  provision:  •  "  '  ■>  ’  ’  o'. 

iIothi;ng  contained  in  the  lease  shall  be  construed.. as  vesting  in 
the  lessee  the  ownership  of  the  land  subject  to  the  lease  nor  as  con¬ 
ferring  on  the  lessee  any  further  or  other  rights  over  such  land  than 
those  expressly  granted  to  him  nor  as  preventing  tho  Government  from 
dealing  with  such  land  in  any  manner  it  may  think  proper,  which  shall 
be  consistent  with  the  full  exercise  by  the  lessee  of  his  ri^ts  under 
his  lease.  _  . 

The  lessee,  upon  the  determination  by  effluxion  of  time  or  other¬ 
wise  of  the  term  of  the  lease,  will .deliver  up  peaceable  possession  of 
the  land  included  in  the  lease  to  the  Government  or  to  any  officer 
'  apoointed' by  the  Government  to  receive  possession. thereof .  .  . 

The  Government  claims  exclusive  ownership  of  all  mineral  substances, 
whether  they  are  found  on  public  domain  or  on  privately  owned  land.  It  will 
not  sell  its  mineral  territory  but  will  grant  lor^-term  leases,  in  consider¬ 
ation  of  ground  rent  and  royalty.'^  However,  the  question  of  the  State's  owner¬ 
ship  of  minerals  on  urivate  lands  has  not  been  finally  determined,  and  na 
precedent  seems  to  have  been  established  with  respect  to  the  rights  of  the 
owner  of  the ,  land  to  the  minerals  there'under,  as  ascertained  from  the  reply  of 
the  Egyptian; Ministry  of  Finance  to  the  questionnaire  of  the  U.  S.  Bureau  of 
Mines. 


6  -  Skinner,  Robert  P. ,  American  consul  general,  London,  British  Petroleum 

Policy;  Consular  Rept.  23703,  Jan,  27,  1921;  Bureau  of  Mines  foreign  file 
2057. 

7  -  Van  Wagenen,  Theo,  Francis,  International  Mining  Law:  McGraw-Hill  Book  Co. 

(Inc.),  New  York,  1918,  p.  260-263, 
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MINING  AUTHORITIES 

The  Department  of  Min^s  and  Qparries,  of  the  Ministry  of  Finance,  is  the 
mining  authority  in  Egypt.  .  . 

All  applications  for  licenses  or-leases  shall  he  made  to  the  Controller, 
Department  of  Mines  (Dawawin  Post  Office,  Egypt),  and  all  licenses  and 
leases  shall  he  issued  hy  the  Minister  of  Fina-ice,‘ upon  the  recommendation  of 
the  Controller.  :  • 

■■  '  APPLICATIONS 

Each  application  for  a  .prospecting  license  (or  for  an  application  reserve) 
shall  he  made  in  writing,  the  petition  to  specify  the  locality  in  which  and 
the  mineral  for  which  the  prospecting  right  is  desired.  The  application 
shall  he  accompanied  hy  a  sketch  map,  showing  as  clearly  as  possible  the 
location  of  the  area  or  areas  desired  in  relation  to  the  sea  coast  or  the 
Nile  or  some  other  distinctive  feature  of  the  landscape,  together  with  the 
approximate  distances  and  hearings  therefrom.  If  the  district  has  been 
officially  surveyed,  the  sketch  may  he  made  on  the  plan  or  map  thereof.  Fur¬ 
ther  procedure  is  given  under  the  discussion  of  licenses  and  leases. 

APPLICATION  RESERVES 

-  ^  ‘  ‘  *  '  *  •  ' 

The  registration  of  an  "apnlication  reserve,"  as  a  convenience  to  a 
prospective  applicant  for  a  license,  may  he  made  (at  the  discretion  of  the 
Department  of  Mines  and  Quarries)  for  a  maximum  period  of  two  calendar  months. 

Although  the  registration  of  an  application  reserve  insures  prior  con¬ 
sideration  to  the  holder  thereof  in  his  petition  for  a  license,  it  is  not  a 
guarantee  that  a  license  will  he  issued  to  him. 

PROSPECTING  LICENSES 
•  Mineral  Prospecting  Licenses 

General  conditions.— A  mineral  prospecting  license,  which  shall  cover 
only  the  mineral  or  minerals  definitely  specified  in  the  agreement,  is  issued 
(for  a  consideration  fee  of  L  E.-'  25)  subject  to  the  existing  rights  of 
others.  It  gives  no  exclusive  prospecting  ri^t  to  the -holder,  hut  it' does 
insure  to  him  prior  consideration  of  his  claim  over  Opposing  claims. 

'''  9  . 

In  order  to  obtain  an  exclusive  prospecting  ri^t,  the  licensee,  within 
60  days  of  the  execution  of  his  license,  shall  deliver  to  the  Department 


8  -  Egyptian  pound,  which  is  worth  approximately  $5  in  U.  S.  gold. 

9  -  The  term  "licensee"  (whenever  the  context  so  admits)  includes  the 

licensee,  his  registered  assignees,'  his  ot  their  legal  representatives, 
and  the  agents,  servants,  or  workmen  of  the  licensee  or  of  such  assignees 
or  representatives,  . 
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of  Mines  an  official  demarcation  of  the  licensed  area,  on  the  form  pres-* 
crihed.  He  may  then  demand  an  official  survey  and  a  beaconing  of  the  area 
by  the  Government,  The  demand  shall  be  accompanied  by  a  fee  of  i  E.  25 
(increased  by  the  department,  if  necessary),  which  is  returned  if  a  survey 
is  not  requiredj\. 

If  the  Government  gives  its  apnroval,  the  licensee  has  exclusive  pros¬ 
pecting  rights  over  the  approved  area  and  is'  entitled  to  a  certificate  of 
survey  (if  one  has' been  made) ,  If  the  Government  refiises  approval  of  the 
whole  area  applied  for,  the  license  shall  absolutely  ’’cease  and  determine,” 
and  the  consideration  fee  and  the  survey  fee  shall  be  returned.  If  but  a 
portion  of  the  area  is  refused,  the  licensee  is  not  entitled  to  the  return 
of  any  moneys .  ,  • .  .  . 

A  licensee  shall  have  the  right  at  any  time  to  apply  for  and  receive  a 
raining  lease  for  all  or  any  part  of  the  area  included  in  the  license.  As 
soon  as  a  lease  or  leases  of  any  portion  or  portions  of  a  prospecting  area 
have  been  granted,  prospecting  ri^ts  over  the  remainder  of  the  area  cease. 
(See,  however,  section  of  this  paper  entitled  ’’Mining  Lease  Protection  Agree¬ 
ments.")  ■ 

Duration  and  renewal. — A  license  is  issued  for  one  year.  It  may  be  re¬ 
newed  for  one-year  periods,  upon  written  application  to  the  Department  of 
Mines  15  days  in  advance  of  the  expiration  of  the  license  or  of  ®  previous 
renewal,  and  upon  the  payment  of  a  few  of  I*  E. ’25, 

The  Government  is  not  bound  to  renew  ,a  license  for  more  than  one  addi¬ 
tional  year  after  the  expiration  of  the  year  during  which  the  licensee  shall 
(in  the  opinion  of  the  Department  of  Mines)  become  entitled  to  demand  a 
mining  lease.  ’  .  ' 

In  ordor  to  obtain  a  first  renewal  of  a  license,  the  license©  must  have 
started  and  continuously  maintained  bona,  fide  geological  and.  other  prospect¬ 
ing  operations;  to  obtain  a  second  renewal,  he  must  have  started  and  main¬ 
tained  at  least  one  working  of  sufficient  capacity  to  reach  and  open  the 
deposit  and  must  have  filed  with  the  Department  of  Mines  the  required  labor 
returns.  (Operations  are  not  considered  to  be  continuous  if  suspended  for 
longer  than' 30  days  without  the  permission  of  the  Government.) 

.Area. — The  area  included  under  a  prospecting  license  shall  be  in  the 
form  of  a  rectangle  and  shall  not  exceed  1  mile  in  Length  or  mile  in  width. 

'  Disposal  of  minerals. — No  minerals  shall  be. removed  under  a  prospecting 
license  except  such  as  may  be  necessary  for  the  businesslike  testing  of  the 
extent  and  richness  of  the  deposit.  After  a  lease  has  been  granted,  however, 
minerals  produced  in  prospecting  become  the  property  of  the  lessee,  subject 
to  the  royalty  stipulated  in  the  lease. 
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Transfer. — A  license  is  transferable,  but  a  transfer  is  not  complete 
without  a  certificate  from  the  Department  of  Mines  to  the  effect  that  the 
stipulated  sums  have  been  spent  iri  actual  prospecting  work.  Thirty  days  are 
allowed  for  the  registration  of 'the  instrument  of  transfer,  and  a  fee  of 
i  E.  5  is  charged,  ' 

Petroleum  Prospecting  Licenses  ‘ 

G-eneTal  conditions. — -Petroleum  prospecting  licenses  differ  but  sli^tly 
from  mineral  prospecting  licenses.  A  petroleum  license  is  not  transferable. 
The:  consideration  fee  is  L  E.  100.  Ho  petroleum  may  be  won,  but  natural  gas 
raised  in  prospecting  may  be  used  for  light  and  power.  The  other  points  of 
.difference,  which  follow,  are  owing  mainly-  to  the  nature  of  the  mineral  sub¬ 
stance.  •’  c  ■ 

Conditions  of  renewal. — A  petroleum  prospecting  license  may  not  be  re¬ 
newed  unless  before  the  expiration  of  the  original  license  the  licensee  shall 
ha.ve  started  and  maintained  bona  fide  geological  and  other  prospecting  opera¬ 
tions.  A  second  renewal  will  not  be  granted  unless  the  licensee  shall  have 
started  and  maintained  one  boring  of  sufficient  capacity,  in  the  opinion  of 
the  Department  of  Mines,  to  reach,  open,  and  take  full  advantage  of  the  pro¬ 
ductive  strata  and  shall  have  filed  with  the  department  the  required  labor 
returns,  (Operations  shall  not  be  deemed  to  be  continuous  if  suspended  for 
more  than  30  days  without  the  written  permission  of  the  Government.) 

Flows  of  water,  and  petroleum.. — A  licensee  shall  take  measures  to 

control  all  flows  of  water,  gas,  or  petroleum;  and  if  the  measures  taken 
prove  inadequate,  the  Department  of  Mines  shall  direct  what  measures  the 
licensee  shall  adopt  or  shall  itself  take  such  measures  at  the  licensee's 
expense '(■  should  he  fail  to  comply  with  instructions). 

Plans  and  bore  sheets. — A  licensee  shall  notify  the  Department  of  Mines 
of  the  position  of  any  proposed  borehole  or  shaft  sunk  by  him  and  shall  sub¬ 
mit  monthly  to  the  department  exact  copies  of  bore  sheets  or  sliaft-sinking 
sheets,  together 'With  all  data  relating  thereto.  He  should  hold  at  the  dis¬ 
posal  of  the  department  (should  it  so -require)  samples  taken  from  such  places 
in  the  boreholes  or  shafts  as  may  be  designated. 

Supplemental  reservos. — The  registration  of  one  or  more  "supplemental 
reserves"  may  be  made,  at  the  discretion  of  the  Department  of  Mines,  in  the 
interest  of  the  licensee  of  an  adjoining  area  or  areas. 

A  supplemental  reserve  may  cover  an  area  of  the  same  size  as  that  of  a 
licensed  area  (2  by  2  kilometers)  and  may  be  registered  only  in  conjunction 
with  a  specified  license  and  only  with  respect-  to  an  adjacent  area  or  areas, 
similar  in  geological  structure  to  the  area  covered  by  the  specified  license. 
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MINING  LIAS'ES 
Mineral  Mining;  Leases 

General  conditions. — Normally  a  lease  is  granted  as  a  right  acquired 
under  a  nrospecting  license;  hut  in  suecial  circumstances,  when  it  is  shown 
to  the  satisfaction  of  the  Department  of  Mines  that  the  mineral  sou^t  is 
present  in  sufficient  quantities  to  justify  a  lease,  a  lease  may  he  granted 
independently. 

The  holder  of  a  prospecting  license,  at  any  time  during  the  continuance 
of  his  license  or  of  a  renewal  thereof,  may  apply  for  and  receive  a  mining 
lease  for  all  or  any  part  of  his  pi-osijecting  area.  The  size  of  the  leased 
area  is  designated  in  the  lease;  the  form  thereof  shall  he  rectangular,  and 
the  length  shall  not  exceed  twice  the  width.  It  shall  cover  only  such  mineral 
as  is  mentioned  specifically  therein. 

The  granting  of  a  lease  or  leases  for  the  whole  or  any  part  or  parts  of  a 
prospective  area  renders  the  prospecting  license  void,  and  the  license  is 
surrendered  to  the  Government.  (See,  however,  the  section  of  this  paper 
entitled  ’’Mining  Lease  Protection  Agreements. ”) 

A  lease  grants  to, the  lessee^*^  the  exclusive  right  to  "search,  dig,  mine, 
get,  make  merchantable,  and  carry  away”  the  prescribed  mineral  or  minerals  in 
and  "vertically  under  any  or  every  part  of  the  piece  of  land  described  in 
the  schedule  and  shown  on  the  plan  annexed  to  the  lease,"  together  with  "all 
such  powers  of  sinking 'shafts',  driving  headings,  making  watercourses  or  wells, 
laying  down  tramways,,  making  roads,  and  erecting  or  constructing  machinery, 
buildings,  or  other  works  .  ,  ,  as  may  be  necessary  or  proper  for  taking  full 
advantage  of  the  lease,"  .  , 

Duration  and  renewal. — A  lease  is  granted  for  30  years  and  is  subject  to 
a  renewal  for  10  years,  if  at"  the  expiration' of  the  lease  the  Government  is 
satisfied  that  the  lessee  has  duly  ...observed  all  the  terms  thereof. 

.r-.'  ’  ' 

Work  required. — A  lessee,  within  four  months  of  the  issuance  of  the  lease, 
shall  commence  and  thereafter  carry  on  continuous  and  businesslike  operations. 
(Work  is  not  deemed  to  be  continuous  if  interrupted  for  more  than  30  days 
without  the  consent  of  the  Department  of  Mines.) 

and 

Records. — A  lessee  shall  keep  correct  plans  of  all  mine  workings/  accur¬ 
ate  records  of  all  work  done  and  'of  the  amount  and  value  of  all  metals  and 
minerals  extracted;  he  shall  likewise  construct  and  maintain  all  such  works 
and  machinery  as  may  be  reasonably  necessary  to  show  accurately  the  amount  of 
all  substances  raised  and  saved. 

10  -  The  term  "lessee"  (whenever  the  context  so  admits)  includes  the  lessee, 

his  registered  assignees,  his  or  their  legal  representatives,  and  the 

agents,  servants,  and  workmen  of  the  lessee  or  such  assignees  or  repre¬ 
sentatives. 
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Transfer* — A  mining  lease  raa;;.'  be  transferred,  but  only  with  the  authori¬ 
zation  of  the  Minister  of  i’inance.  A  period  of  30  days  is  allowed  for  the 
registration  of  an  instrument  of  transfer,  and  a  fee  of  L  E.  5  is  imftosed 
therefor. 

Petroleum  Mining  Leases 

General  conditiens. — Every  holder  of  a  petroleum  prospecting  license 
shall  be  entitled,  at  any  time  after  approval  of  his  prospecting  area  and 
during  the  continuance  or  the  renewal  of  the  license,  to  apply  for  a  mining 
lease  or  leases,  subject  to  the  following  conditions; 

1.  Each  lease  shall  be  for  some  portion  of  the  prospecting  area. 

2.  The  total  area  comprised  in  the  lease  or  leases  shall  not  exceed  100 
*  hectares. 

3,  Each  separate  area  comprised  in  any  one  lease  shall  be  in  the  form 
of  a  rectangle,  no  side  of  which  shall  be  less  than  500  meters  long, 
unless  the  Department  of  Mines  shall  have  authorized  in  writing 
some  other  form-  or  dimensions. 

4.  Uo  lease  shall  be  granted  of  any  area  unless  it  has  been  proved  (to 
the  satisfaction  of  the  Department  of  Mines)  that  it  contains  at 

'  least  one  productive  well, 

5,  A  licensee  shall  beacon  each  area  with  respect  to  which  a  lease  is 
demanded,  in  accordance  with  the  regulations  in  force, 

6,  A  lease  shall  be  in  the  form  indorsed  on  the  license, 

• 

The  granting  of  a  lease  or  leases  for  any  part  or  parts  of  a  prospecting 
area  renders  void  the  prospecting  license  for  the  remainder  of  the  area.  The 
license  is  surrendered  in  exchange  for  the  lease.  --Althou^;  in  principle,  a 
mining  lease  may  be  granted  only  as  a  right  acquired  under  a  prospecting 
license,  nevertheless  after  the  reversion  to  the  Government  of  the  remainder 
of  a  licensed  area  uuon  the  grant  of  a  lease,  the  lessee  will  be  given  the 
urior  ri^t  to  a  license  or  a  lease  over  the- whole  or  the  remainder  of  the 
original  licensed  area,  subject  to  a  royalty  not  to  exceed  25  per  cent. 

A  petroleum  mining  lease  grants  to  the  lessee  the  exclusive  right  to 
search  for,  dig,  mine,  get,  and  carry  away  all  petroleum  and  petroleum  gas 
lying  in- and  under  any  part  of  the  piece  of  land  described  in  the  schedule 
and  shown  on  the  plan  annexed  to*  the  lease,  together  with  "all  such  powers 
of  sinking  shafts  and  wells, '  laying  down,  using,  working,  and  removing  rail¬ 
ways,  tramways,  or  pine  lines'i  obtaining,  conveying,  and  using  water  and  gas, 
making  roads,  and  erecting  or  constructing  and  removing  machinery,  buildings, 
or  other  works  upon  such  land  as  may  be  necessary  or  proper  for  the  raising 
and  storage  of  petroleum  and  petroleum  gas  and  for  the  transport  thereof- 
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within  the  area  of  such  land.”.  The  Grovernment  wiH,  if  required,  ^rant  to 
the  lessee  (hy  a  separate  agreement  or  agreements)  all  such  farther  ri^ts 
as  may  he  necessary  or  proper  to  enable  him  to  provide  for  the  refining  of 
the  netroleura  and  petroleum  gas  raised  and  to  take  full  advantage  of  the 
lease. 

•  Duration  and  renewal. — A  lease  is  granted  for  30  years,  and  it  may  he 
renewed  for  15  years  upon  the  following  conditions; 

-  i  ' ‘ 

1.  If  at  the  expiration  of  the  lease,  the  lessee  is  able  to  prove 
that  he  has  observed  all  the  terms  of  the  lease  and  that  it  has  not  been 
liable  to  be • declared  void  under  any  of  the  provisions  thereof. 

2.  If  the  lessee  shall  have  given  to  the  Minister  of  Finance  a 
6-month  notice  in  writing  of  his  intention  to  renew. 

3.  That  a  renewal  shall  be  subject  to  the  same  rents,  conditions, 
and  provisions  as  was  the  lease,  except  that' on  any  renewal  the  Govern¬ 
ment  may  imnose  such  rate  or  royalty  (not "OTceeding  25  per  cant  ad 
valorem)  as  it  may  think  proper. 

Work  and  workings  required. — The  lessee  of  a  petroleum  ri^t  shall  com¬ 
mence  work  within  four  months  of  the  date  of  his  lease  and  shall  thereafter 
continue  businesslike  operations.  (Work  shall  not  be  considered  to  be  pon- 
tinuous  if  suspended  for  more  than  30  days  without  the  written  -permission  of 
the  De-partment  of  Mines.)  However,  temporary  suspensions  are  provided  for, 
under  special  ruling,  when  market  conditions  are  prohibitive  of  profitable 
operations.  '  •  '  '  '  . 

A  lessee  shall  maintain  in  continuous  operations  at  least  two  boring 
rigs  of  sufficient  capacity  to  take  ad-^antage  of  the  lease  for  a  period  of 
20  years  or  -until  there  shall  be'  in  each  10  hectares  of  the  leased  area  at 
least  five  boreholes,  either  actually  productive. or  potentially  so  from  the 
geological  nature  of  the  field. 

Records. — A  lessee  shall  keep 'correct  plans  of  all  workingswithin  the 
leased  land,  an  accurate  record  of  Wery  borehole  or  shaft  s-unk,  and  all 
proper  books  of  account  and  all  other  books  necessary,  to  show  the  amount  and 
the  -value  of  all  petroleum  and  petroleum  gas  .raised.  He.  shall  construct  and 
maintain  all  s-uch  works  and  machinery  as  may  be  necessary  (in  the  opinion  of 
the  department)  to  show ‘accurately  the  amo-unt  of  all  substances  raised  and 
saved.  .  “  .  '  .  ••  • 

.  ■  r»  •  .  ^ 

Transfer.— A  petroleum  mining  lessee  shall  not  sublet  in  whole  or  in 
part  any  of  the  rights  granted  by  his  lease  or  assign  any  of  such  rights 
without  the  written  consent  of  the  Minister  of  Finance,  which  consent  will 

be  given  on  the  following  conditions s  •  .  .  •  - 

1  *  * 

t  .  .  ' 

1.  The  terms'  and  conditions  of  "the  lease  shall  have  bedn  duly 
observed  and  the  rents  ahd  royalties  duly  paid. 
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2,  The  area  with  respect  to  which  such  ri^ts  are  to  be  assigned 
shall  not  be  less  than  10  hectares'  in  extent,  and  the,  length  thereof 
shall  not  exceed  four  times  the  breadth,  unless  the ■  Department  of  Mines 
shall  have  authorized  in  writing  some  other  form  or  dimensions, 

3,  Proof  shall  be  established  (to  the  satisfaction  of  the  Depart¬ 

ment  of  Mines)  that  the  area  to  be  assigned  contains  at  least  one  pro¬ 
ductive  well  or  that  some  other  evidence  of  the.  presence  of  petroleum 
exists,  '  '  ■ 

4,  The  proposed  assignee  shall'  produce  oroof  (satisfactory  to  the 

Department  of  Mines)  that  he -is  financially  capable  of  undertaking;  the 
necessary  work^  For  this  purpose,  an  available  working. capital  of  at 
least  i,  E,  250  per  hectare  (with  a  minimum  of  £  E.  10,000)  shall  be  re¬ 
quired,  •  -  '  r'‘  ■  • 

5,  Every  instrument  of  assignment  shall  contain  sufficient  pro¬ 
visions  for  binding  the'  assignee  to  observe  all  the- covenants  and  con¬ 
ditions  contained  in  the  leaser -with  any  necessary  modifications;  and 
for  this  purpose  a  draft  of  the. proposed  assignment  shall  be  submitted 
to  the  Department  of  Mines  for  approval - 

A  period  of  30  days  is  allowed  for  the  registration  of  an  instrument  of 
transfer,  and  a  fee  of  E  E,  5  is  charged  therefor. 

Caution  money. — ^A  lessee  shall  deposit  in  the  treasury  of  the  Department 
of  Mines  the  sum  of  E  E.  100,  as  "caution  money,"  which  shall  be  refunded  to 
him  at  the  expiration  of  the  lease,  provided  that  all  the  terms  of  the  lease 
and  all  the  regulations  have  been  complied  with.  This  caution  money  shall 
bear  no  interest,  and  it  shall  be  liable  to  confiscation  by  the  Government 
in  case  of  any  infraction  or  default  on  the  part  of  the  lessee. 

Government's  preferential  right  of  purchase  of  products. — The  Government 
shall  have  a  preferential  right,  on  two  months  notice  in  writing,  to  pur¬ 
chase  from  the  lessee  so  much  of  the  crude  petroletun  as  it  may  require,  pro¬ 
vided  that  the  amount  the  Government  shall  be  entitled  to  purchase  in  any  one 
year  shall  not  exceed  20  per  cent  of'  the  amount  produced  on  the  land  during 
the  preceding^ year.  The  price  to  be  paid  by  the  Government  shall  be  10  per 
cent  below  the  latest  price  ascertained  for  the  payment  of  royalties  (see 
section  of  this  paper  entitled  "Rents  and  Royalties")  for  so  much  of  the 
petroleum  purchased  as  shall  not  exceed  10  per  cent  of  the  output  of  the 
previous  year  and  shall  be  such  latest  price  for  the  remainder  of  the  pur¬ 
chase. 


MI  NG  LEASE  PROTECTI  OH  AGREEMENT  S  •  ■ 

A  mining  lease  protection  agreement  may  be  obtained  for  the  balance  of 
a  prospecting-license  area  not  tal^ien  under  a  mining  lease»  ,  The  area  shall 
not  be  more  than  double  that  of  the  lease  protected,  and  its  length  shall 
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not  exceed  twice  its  width.  No  protection  agreement  shall  he  granted  to 
protect  a  lease  of  less  than  60  acres  for  sedimentary  deposits  or  of  less 
than  25  acres  for  lode  deposits. 

The  terms  of  a  miniiig  lease  protection  agreement  are  practically  the 
same  as  those  of  a. prospecting  license.  •  (See  pages  28  to  35  of  Roles  and 
Regulations  as  to^  Mining.  1^)  •  ■ 

TERMINATION  OF  LICENSES 
Surrender 

A  licensee  of , ^either  a  mineral  prospecting  , or  a  -oetroleum  prospecting 
right  may  at  any. time,  hy  written  potice  to  the  Minister  of  Finance,  surrender 
his  license."  Such  ^surrender  shaH  he  without  any  prejudice  to  any  claim 
against  the  licensee  ’that  shall  have  accrued  to  the  Government  prior  'to  the 
giving  of  the  notice,  aaad  particularly v, without  prejudice  to  the  ri^t  of  the^ 
Government  to ‘retain  "any,  sum  already  paid  under  the  license. 

.  ■  V'!',.- ,  r..  ,  ..  Forfeiture 

The  Government  may  ca'.ise  the  forfeiture  of  a  license  (l)  if  the  licensee 
shall  fail  to  conform  to  any  rale-|,pr  regulation  in  force  and  shall  fail  to 
remedy  the  breach  within  one  month^ofj  the  notice  from  the  Department  ‘ of  Mines 
or  (2)  if. the  licensee  shall  he  declared  bankrupt  or  insolvent  hy  a  competent 
tribunal  or,  being  a  company,  shall  go  into  liquidation  or  he  dissolved. 

The  voidance  of  a  mineral  prospecting  license  shall  he  deemed  to  have 
been  legally  served  hy  its  publication  in  the  Official  Journal  of  the  Egyptian 
Government.  A  forfeiture  shall  vest  in  the  Government  all  the  buildings, 
plant,  and  other  property  of  the’..liceneee  •  that" may  he  upon  the  land,  without 
the  payment  hy  the  Government  of  any  compensation,  provided  that  if  the 
license  shall  he  forfeited  for  any  cause  other  than  the  nonpayment  of  fees 
the  licensee  shall  he  entitled  within  two  months  from  the  date  of  the  notice 

to  take  awajr  all  movable  plant.  ,  7  ,  ''  •’  '  ■ 

■  '  '  '  1 

The  voidance  of  a  petroleum^  prospecting  license  shall  he  made  hy  written 
notice  from  the  Minister  of  Finance,  and  thereupon  all  the  ri^ts  of  the 
licensee  shall  absolutely  cease,  without  prejudice  to  any  claim  of  the 
Government  against  the„licensee, 

TEEiaNiTIOH  Oi’  XBASES 
.  ...  . .  Surrender 

..I  •  » 

A  lessee  of  a  mineral  mining  ri^t  may  af  any  time  terminate  his  lease 
hy  giving  six  months*  notice  in  writing. '  All  buildings,  plant,  and  other 
property  left  upon"  the  land  at  the  time  of  the  .termination  of  the  lease  shall 
become  the  absolute,  pro.perty  of  the  Government,  without  any  payment  or  com- 

pensation  to  the  lessee' therefor.  The  automatic  termination  of  a  lease  by  . 
ll  -  See  footnote  3. • • 
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the  expiration  of  the  period  foi*  Which  it  was  grantfed  entitles  the  lessee 
to  three  months  in  which  to  remove  huildings,  plant,  and  other  property. 

The  provisions  for  the  surrender  of  a,  pe-troleum  mining  lease  are  prac¬ 
tically  the  same  as  those  for  .the  surrender  of  a  mineral  lease — the  main 
difference  being  that  the  holder  of  a  petrolepm  lease  is  entitled  to  a  pro¬ 
portionate  abatement  of  the  rent  payable.  (See  section  of  this  paper  entitled 
"Rents  and  Royalties;  "X/:;’  '  v.  ■  ■  •  ^ 

Forfeiture 

Either  a  mineral  mining  lease  or  a  petroleum  mining  lease  may  be  declared 
void,  without  prejudice  to  any  claim  against  the  lessee  accruing  to  the 

Government  under  the  lease  (l)  if  the  lessee  shall  have  committed  any  breach 

of  regulations  or  shall  have  failed  to  pay  rent,  royalty,  or  any  other  sum 
due  and  shall  not  have  remedied  the  breach  or  paid  the  .  sum  within  two  months 
from  the  receipt  of  notice  of  his  delinquency,  (2)  if,  the  lessee  shall  puf-  , 

port  to  assign  the  benefit  of  his  lease  (or  in  the  case  of  a 'petroleum  lease  , 

shall  seek  to  assign  or  sublet  his  benefit)  without  the  written  consent  of 
the  Minister  of  Finance,  or  (3)  if  the  lessee  shall  be  declared  bankrupt  or 
involvent  or,  being  a  company,  shall  go  into  liquidation  of  be  dissolved. 

If  a  lease  is  voided  for  any  other  cause  than  the  nonpayment  of  rent  or 
royalties,  the  lessee  shall  be  entitled  at  any  time  within  two  months  from 
the  date  of  the  notice  of  forfeiture  to  take  away  all  movable  plant  that  was 
on  the  land  at  the  time  of  the  notice. 

Publication  in  the  Official  Journal  of- the  Egyptian  Government  of  the 
decision  to  void  a  lease  shall  be  considered  sufficient  notice. 

REITTS  AND  ROYALTIES 
Mineral  Mining  Leases 

Rent. — The  amount  of  ground  rent  due, the  Government  is  designated  in 
each  lease  at  so  many  Egypt fa.n  pounds  per,  acre  or  fraction  thereof;  it  is 
payable  in  advance  on  the  first  day  of  January, 

Royalty. — The  amount  of  royalty,  too,  is  specified  in  each  lease,  as  a 
certain  percentage  of  the  value  of  the  mineral  at  the  pit’s  mouth;  it  is  pay¬ 
able  within  two  months  of  the  first  day  of  January  in  each  year  with  respect 
to  the  minerals  extracted  during  the  previous  12  months. 

Determination  of  the  value  shall  be  based  upon  the  market  price  of  the 
mineral  upon  the  London  market,  as  quoted  in  reputable  trade  journals,  less 
the  average  cost  of  transport  to  London;  or  (at  the  discretion  of  the  Depart¬ 
ment  of  Mines)  it  shall  be  based  upon  the  actual  price  obtained  by  the  lessee. 
(The  lessee  shall  furnish,  on  demand,  such  data,  certified  by  a  chartered 
accountant,  as’  the  Department  of  Mines  may  require  for  ascertaining  the 
amount  of  mihe'ral  extracted  or  the  price  obtained  therefor.) 
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If  the  royalty  calculated  in  any  year  shall  he  equal  to  or  leas  than  the 
rent  due,  no  royalty  shall  he  required  for  that  year;  if  the  royalty  calcu¬ 
lated  shall  exceed  the  rent,  only  the  excess  of  the  royalty  over  the  rent 
shall  he  demanded.  ■  "  ■" 

.*«  V  ...... 

Petroleum  Mining;  Leases  ' 

Kent . — A  yearly  rent  "of  £  E.  2|  uer  hectare  of  land  or  fraction  thereof 
^is  payable  in  advance,  on  the  first  day  of  January. 

•  Royalties. — A  royalty  of  12^  per  cent  of  the  petroleum  and  petroleum 

gas  raised  and  saved  during  the  previous  six  months  is  payable  half-yearly, 
on  the  first,  day  o'f  January  and  the  first  day  of  July.  The  cost  of  the  de¬ 
livery  of  the  products  rendered  as  royalty  to  such  place  as  the  Government 
may  direct  is  borne  by  the  Government.  The  lessee  shall  store  such  products 
free  of  expense  to  the  Government  for  two  months  and  thereafter  at  the  cur¬ 
rent  storage  rent  of  the  oil  field,  if  tho’re  is  any,  and  at  a  rate  agreed  upon, 
if  there  is  no  established  rent.  '  ' 

If  the  Government  shall  so  require,  the  value  of  the  products. rather  than 
the  products  shall  be  paid.  The  value  shall  be  calculated  on  the  average 
market  price  during  the  period  for  which  the  royalty  is  due.  If  no  market 
price  is'  ascertainable,  the  lessee  shall  pay  the  price  fixed  by  the  Department 
of  Mines  after  consultation  with  the  lessee  or  his  representative. 

In  computing  the  amount  of  royalty  due  for  any  period,  the  amount  of  rent 
payable  for  that  period  shall  be  deducted,  provided  that,  if  during  such 
period  the  lessee  shall  not  have  raised  and  saved  a  quantity  of  petroleum 
and  petroleum  gas'  the  royalty  upon  which  is  'equal  to  the  rent  due,  the  lessee 
shall  not  be  entitled  to  deduct  the  amount  of  such  deficiency  from  the  royalty 
for  any  subsequent  or  other  period. 


MISCELIAKEOUS  OBLIGA.TIONS 


Regulations  with  respect  to  demarcation  of  areas,  use  and  storage  of 'ex¬ 
plosives,  standard  forms  for  certificates,  permits,  and  reports,  and  similar, 
matters  are  covered  in  pages  57  to  94  of  'Rules  and  Regulations  as  to  Mining. 
The  Department  of  Mines  lays  down  for  the  guidance  of  operators  general  rules 
designed  to  protect  the  health  and  safety  of  the  workers;  for  the  rest  the 
manager  of  each  company  is  responsible  to  the  department. 


12 


Among  the  miscellaneous  obligations  actually  embodied  in  the  licenses 
and  leases  themselves  are  the  following',*  •"  ■'  •  i 

Expert  managfement. — A  technically  competent  manager  must  be  employed 
”on  the  spot'*  at  all  times,  and  noti'ce  of  his  appointment  must  be  given  to 
the  Department  of  Mines.  .  . 


12  -  See  footnote  3, 
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Returns . — Returns  with,  respect;  to  the  labor  employed  and  the  miisrals 
produced  must  he  made  monthly  to  the  Government. 

PoliciniS:  expenditures. — Unless  a  special  or  general  tax  shall  have  been 
levied  for  the  maintenance  of  order  and  the  carrying  out  of  sanitary  regula¬ 
tions  at  the  place,  or  in  the  neighborhood,  of  prospecting  or  raining  oper¬ 
ations,  a  licensee  or  a  lessee  shall  pay  an  equitable  proportion  of  the 
G-overnment ' s  policing  expenditures. 

Lamages . — A  licensee  or  a  lessee  shall  be  entirely  and  solely  responsible 
toward  all  persons  for  any  damage  caused  by  his  operations,  and  he  shall  keep 
the  G-overnment  indemnified  against  all  actions,  proceedings,  'claims,  and  de¬ 
mands  with  respect  thereto. 

Antiquities. — All  objects  of  antiquity  discovered  during  prospecting 
and  mining  operations  must  be  turned  over  to  the  G-overnment  and  must  be  safe¬ 
guarded  until  such  time  as  the  G’overnraent  shall  act, 

TAXES,  DUES,  AUD  EXCISE 

A  less'ea  shall  promptly  and  regularly  pay  all  taxes,  dues,  and  excise 
already  or  hereafter  lawfully  established,  and  nothing  in  the  lease  sliall 
be  interpreted  as  limiting  the  G-overiiment  in  its  right  to  establish  or  im¬ 
pose  any  later  tax,  due,  or  excise  within  its  competence  or  as  exempting  a 
lessee  from  the  obligation  to  pay  it. 

Excise  duty  on  petroleum  produc'ts  of  Egyptian  origin  was  decreed  March 
30,  1921,  the  amount  to  be  fixed  mon'tHly,  in  advance.  ^2 

'  QUARRIES^^ 

Quarry  leases  are  issued  for  periods  of  1,  5,  or  10  years,  and  the  rents 
vary  with  the  quality  of  and  the  demand  for  the  product  and  with  the  accessi¬ 
bility  of  the  quarry.  The  area'  now  leased  in  the  case  of  stone  quarries  is 
normally  5,000  square  meters,  whereas  for  sand,  gravel,  and  gypsum  the  area 
is  variable  in  extent. 

Permits  for  the  erection  and  maintenance  of  decauville  railways  (aerial 
ropeways)^  and  limekiLis  are  issued  in  connection  with  quarry  leases. 

In  order  to  facilitate  administration  and  to  adopt  regulations  suited 
to  varying  local  conditions,  the  quarries  of  Egypt  are  now  divided  into  four 
principal  groups;  Upper  Egypt,  Cairo,  Lower  Egypt,  and  Mex.  The  islands  in 
the  bed  of  the  Nile  River  also  are  divided  into  groups  for  administrative 
purposes,  and, they  are  rented  for  the, extraction  of  sand. 

13  -  Maynard,  Lester,  American  consul,  Alexandria,  Excise  Duty  on  Petroleum 

Products:  Consular  Rept,  74130,  Oct.  13,  1922;  Bureau' of  Mines  foreign 

file  4907. 

14  -  See  footnote  4. 
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A  certain  nninber  of  qnarries,  reserved  for  the  use  of  the  State,  are 
allotted  to  Government  contractors,  who  pay  a  royalty/-  on  the  stone  extracted, 
or  they  are  developed  hy  the  Government  departments.  This  system  assures  a 
supply  of  the  "best  available  stone  and  protection  against  price  raising. 

PRESEIJT  STATUS  OF  THE  MINING  INDUSTRY 

That  Egypt  has  now  a  well-established  and  steadily  growing  mining  industry 
is  indicated  by  the  fact  that  the  Government  has  decided  to  publish  an  annual 
report  covering, statistics  and  general  infonnation  with  respect  to  that  indus¬ 
try.  Heretofore  reports  were  published  only  at  5-year  intervals.  The  first 
of  the  yearly  issues  is  that  for  the  year  1928,  published  in  1930,^^  which 
deals  chiefly  with  phosphates,  manganese,  and  petroleum,  the  three  mineral 
substances  that,  in  connection  with  the  products  of  the  quarries,  furnish  the 
major  mineral  production  at  present,  and  the  development  of  which  during  the 
past  20-odd  years  has  enabled  Egypt  to  take  a  definite,  if  minor,  place  among 
the  world's  producers  of  minerals.  (This  first  annual  gives,  in  addition  to 
the  present  status  of  each  mineral.,  historical  and  descriptive  facts  that 
will  not  be  found  in  subsequent  numbers.)  The  report  covers  other  minerals 
alsoV'  which  either  have  been  produced  in  the  past,  are  being  produced  in  small 
quantities  now,  or  are  covered  by  prospecting  licenses.  These  are  gold, 
peridots  (gem  variety  of  olivine),  emeralds,  nickel,  molybdenite,  lead  and 
zinc,  titaniferous  iron  sands,  crude  carbonate  of  soda,  nitrate  shale,  pigments 
talc,  and  clays. 

A  comparative  table  of  the  production  of  the  chief  minerals  for  1928, 

1929,  and  1930  follows,  as  well  as  a  table  showing  mineral  exports  for  1930. 


Comparative  table  of  the  principal  mineral  production 

in  Egypt.  1928,  1929,  and  19301. 

(Metric  tons) 


Minerals 

1928 

1929 

1930 

Petroleum  -  -  - 

268,323 

272,114 

285,088 

Phosphate  rock  -  -  - 

200,563 

215,311 

313,478 

IvJanganese  ore  -  -  - 

137,  502 

191,477 

128,211 

Ocher  -----  - 

944 

1,017 

_ 

1,184 

_ 

Rassell,  H.  Earle,  American  consul,  Cairo,  Mineral  Production  (Review  of 
Commerce  and  Industries  for  the  Tear  1930):  Consular  Rept.  20450,  Apr. 

6,  1931,  pp.  25-29;  Bureau  of  Mines  foreign  file  4913. 


15  -  See  footnote  4, 
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Mineral  exports  from  S^ypt  in  1930- 


Commodity 

Quantity, 
metric  tons 

Value, 

2 

Egyptian  pounds- 

Metallic  ores 

98,863 

124,207  ^ 

(manganese,  etc.) 

Caustic  soda 

140,47?  • 

■  ■  V  '.i 

2,105  • 

Common  salt  _ 

154,852 

23,371 

Phosphates  and  super¬ 
phosphates 

8,433 

5;  987  •  ' 

Phosphate,  lime  ------ 

314,170 

252,152 

Petroleum  products : 

Benzene  ---  - 

53,174 

380,111 

Kerosene  -  -  ----- 

423; 826 

1, 660 

Solar  and  gas  oils  -  -  - 

2,460,949 

6,120 

Fuel,  Diesel  oils  -  -  -  ~ 

31,169 

59,371 

Coke,  pitch,  asphalt  -  - 
(bitumen)  of  petroleum 

58,067 

278,496 

i  Russell,  K.  Earle,  Work  cited. 

3  The  ezcliango  value  of  the  Egrptian  pound  in  U.  S,  currency  in 


1929  ras  $4-.  98 


1 6 

Unskilled  surface  labor  is  plentiful  at  the  rate  of  about  10  P.  T. 
a  day,  higher  or  lower  according  to  local  conditions.  Underground  rates  are 
somewhat  higher,  and  wages  paid  to  miners  under  contract  average  15  P.  T.  a 
day.  Skilled  artizans  receive  from  15  P.  T.  to  50  P.  T.,  and  clerical  workers 
earn  a  miniraum  of  20  P.  T.  a  day. 


16  -  Turkish  piaster,  which  is  equal  to  iJlOO  of  the  Egyptian  pound. 
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INFOEMATION  CIECULAR 


DEPARTMENT  OF  THE  INTERIOR  -  BUBEAU  OF  MIKES 


HAZARDS  OF  COMPEESSED-AIR 
JETS  FOR  VENTILATING  GASSY  MINESi/ 
By  R.  D.  Currie^  and  L.  L.  Naus^ 


INTRODUCTION 

Hazards  in  connection  with  the  use  of  compressed-air  jets  for 
ventilating  gassy  mines  are  given  little  consideration  hy  most  mine  officials 
largely  because  con^jressed  air  is  considered  the  safest  means  of  transmitting 
power  for  operating  various  types  of  mining  machinery,  and  the  inherent 
dangers  in  its  use  for  this  purpose  are  virtually  negligible. 

The  installation  of  compressed-air  lines  in  coal  mines  leads  to 
the  utilization  of  compressed  air  for  ventilating  working  places,  with  the 
result  that,  although  the  primary  ventilation  systems  may  be  adequate  to  meet 
existing  needs,  proper  conduction  of  normal  ventilation  has  been  neglected,  so 
the  working  faces  receive  only  a  small  amount  of  the  total  air  circulated 
through  the  mine. 

Reliance  in  part  on  compressed  air  or  other  auxiliary  means  for 
ventilation  is  always  attended  by  danger  that  gas  will  accumulate,  due  to 
intermittent  operation,  and  the  tendency  is  to  operate  auxiliary  schemes  only 
during  the  working  shift  (or  possibly  only  part  of  the  shift)  and  to  dispense 
with  them  during  off-shifts  or  at  times  during  the  working  shift  when  gas  may 
accumulate  because  of  lack  of  ventilation, 

Ifhen  the  men  come  on  shift  the  aiixiliary  ventilating  device  often 
may  be  started  without  a  preliminary  examination  of  the  working  place,  or 
the  examination  may  be  made  sometime  before  the  oncoming  shift  arrives,  the 
gas  being  allowed  to  accumulate  in  the  meantime.  This  may  result  in  uncon¬ 
trolled  movement  of  a  body  of  gas  if  proper  precautions  are  not  taken. 

Several  mine  explosions  have  been  caused  by  the  movement  of  a  known  body  of 
gas  by  compressed  air  into  the  haulageway,  where  it  was  ignited  by  an  arc 
from  a  passing  locomotive.  This  danger  is  more  pronounced  where  supervision 
is  lax* 


The  high  velocity  of  compressed  air  escaping  from  jets,  open  valves, 
or  openr'end  supply  lines  may  cause  a  decided  churning  action,  which  serves  to 

2J  The  Biireau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgement  is  used;  •’Reprinted  from  U.  S.  Bureau 
.  of  Mines  Informatidn  Circular  6953*" 

^  District  engineer,  U,  S.  Bureau  of  Mines,  Wilkes-Barre,  Pa* 

Assistant  mining  engineer,  U.  S.  Biireau  of  Mines,  Wilkes-Barre,  Pa* 
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mix  more  intimately  any  liberated  gas  or  dust  and  greatly  increases  the 
danger  of  ignition  from  these  sources.  It  also  tends  to  maintain  dust  in 
continual  suspension,  which  cannot  he  other  than  detrimental  to  the  workman. 
High-velocity  compressed  air  issuing  from  jets  may  create  channels  throu^ 
gas  accumulations  in  such  manner  as  to  remove  or  dilute  only  a  part  of  the 
accumulations,  leaving  much  of  them  to  he  ignited  later. 

Experience  has  shown  that  the  common  methods  of  using  compressed 
air  for  ventilating  mines  are  extremely  hazardous,  in  addition  to  which  it 
has  generally  been  accepted  that  they  are  inefficient  and  ineffectual.  The 
following  accidents,  in  ^ich  compressed  air  used  for  ventilation  was  directly 
responsible  for  accumxilation  of  gas,  are  representative  of  scores  of  such 
accidents  reported  to  the  Bureau  of  Mines: 

1.  A  gas  explosion  occurred  at  an  anthracite  mine  on  January  10, 
1936.  as  the  direct  result  of  using  compressed  air  for  ventilation. 

A  3/^iiich  pipe,  swaged  down  to  a  l/l6-inch  opening  and  supply^ 
ing  corroressed  air  at  approximately  55  pounds  pressure,  was  being  used  to 
ventilate  a  slant  hea.ding  between  two  breasts  being  driven  on  a  45°  pitch. 

The  slant  was  about  3OO  feet  from  the  gangway. 

The  board  manway  brattice  was  loosely  constructed  and  too  far 
back  from  the  face  of  the  breast  to  supply  ventilation  in  the  proper  manner, 
and  the  compressed  air  jet  was  about  I5  feet  back  from  the  face© 

A  safety  lamp  carried  by  the  miner  had  been  extinguished  by  an 
explosive  mixture  of  metha.no  and  was  being  hold  at  the  nozzle  of  the  jet  to 
clean  out  the  lamp  and  cod  it;  at  the  same  time  the  igniter  was  used  to  re¬ 
light  the  lamp.  An  explosion  occurred  tha,t  resulted  in  the  death  of  the  two 
men  in  the  place. 

This  lamp  was  tested  in  a  McCaa  lamp-testing  box  immediately  after 
the  explosion;  no  explosion  could  be  produced  with  it  in  the  tests.  The 
conditions  prevailing  at  the  time  of  the  explosion  were  duplicated  as  nearly 
as  possible  in  tests  conducted  by  the  Bureau  of  Mines,  and  it  was  found  that 
a  properly  assembled  flame  safety  lamp  of  permissible  type  will  ignite  ex¬ 
plosive  gas  under  such  conditions. 

This  practice  of  cleaning  out  and  cooling  flame  safety  lamps  with 
the  compressed-air  jet  is  decidedly  hazardous  although  quite  common  in  some 
sections  of  the  anthracite  field. 

2e  On  April  19.,  19*^99  "U-pon  detecting  gas  at  a  working  face  in  a 
coal  mine  in  Ohio,  a  firo  boss  opened  a  compressed-air  valve  to  ventilate 
the  place  and  left-  ITo  danger  board  was  erected,  and  a  man  wearing  an  open 
li.ght  entered  the  place  and  ignited  the  explosive  mixture. 

3.  On  June  23,  1927,  nine  men  were  badly  b'omed  at  a  mine  in 
Alabama  by  an  ignition  of  gas  caused  by  an  arc  in  the  liO— volt  light  circuit 
about  12  feet  back  from  the  upper  end  of  a  slope  that  was  being  driven. 
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Methane  accumulated  after  the  rock-drill  compressor  oupplying  the  only  means 
of  ventilation  had  been  shut  off,  as  was  customary,  for  4  hours  just  before 
the  men  came  on  shift, 

4,  On  November  l4,  1927*  a  raise  driven  off  the  engine  room  to 
the  coal  seam  in  a  bituminous  coal  mine  in  Washington  was  giving  off  gas  at 
the  face,  A  compressed-air  hose  was  used  to  supply  ventilation  and  to  pre¬ 
vent  the  accumulation  of  the  gas.  While  making  his  rounds,  the  fire  boss 
found  gas  filling  the  raise  and  extending  nearly  to  the  haulageway.  The 
compressor  was  shut  down  and  the  place  fenced  off  by  the  fire  boss,  who  then 
waited  the  arrival  of  the  mine  foreman  to  receive  further  instructions.  The 
fire  boss  was  instructed  to  blow  the  gas  out  by  using  compressed  air.  He  had 
started  to  do  this  when  a  passing  locomotive  ignited  the  gas>  with  the  resiilt 
that  four  men  were  burned,  one  of  whom  died  later, 

5,  On  April  12,  1930»  17  were  killed  by  a  gas  explosion  at  the 
above-mentioned  mine.  This  explosion  happened  in  a  chute  that  was  ventilated 
by  compressed  air  and  a  vsntube  blower,  and  at  least  two  of  a  series  of  holes 
were  overcharged  with  permissible  explosives.  The  shots  were  fired  in  multi¬ 
ple  with  a  500-volt  trolley  wire. 

Coal  dust  no  doubt  was  thrown  in  suspension;  gas  probably  was 
present  or  was  released  by  the  blast  of  the  first  shot,  and  the  flame,  pre¬ 
sumably  from  the  detonation  of  the  overcharged  second  shot,  ignited  the  dust, 
gas,  or  both, 

6,  An  explosion  that  occurred  at  a  gassy  bituminous  mine  in  Utah 
on  March  8,  1930*  "burned  seven  men,  with  the  result  that  five  of  them  died 
and  the  other  two  were  injured  seriously. 

The  fan  was  not  running  at  the  time  of  the  explosion.  Under  normal 
working  conditions  the  fan  was  run  only  intermittently  and  natural  ventilation 
was  supposed  to  ventilate  the  mine  when  the  fan  was  not  in  operation. 

Compressed-air  jets  were  used  to  ventilate  the  working  places  and 
no  line  brattice  was  carried  to  the  face.  It  is  probable  that  the  explosion 
was  caused  by  ignition  of  an  accumulation  of  gas  by  a  spark  or  arc  from  a 
nonpermissible  mining  machine.  As  water  was  used  on  the  cutter  bar,  it  is 
not  likely  that  coal  dust  played  more  than  a  minor  part  in  this  explosion, 

7,  On  June  21,  1933 »  explosion  occurred  at  a  bituminous  coal 
mine  in  Oklahoma  which  resulted  in  the  death  of  the  mine  foreman  and  one  of 
a  group  of  four  rescuers. 

The  explosion  was  the  result  of  use  by  the  mine  foreman  of  a  com¬ 
pressed-air  hose  to  clear  gas  from  a  vortical  cut  before  blasting.  The  mix¬ 
ture  of  gas  with  coal  dust,  raised  in  suspension  while  the  kerf  was  being 
cleaned,  probably  was  ignited  when  the  foreman  attempted  to  light  the  shot 
with  a  match. 
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8,  On  January  12,  1935»  ^  accident  occurred  in  the  sand  "blasting 
departnent  of  a  California  manufacturing  company,  which  caused  the  death  "by 
car"bon  monoxide  of  one  of  three  sand-"blast  operators,  who  were  furnished 
ventilation  to  sand-"blast  masks  from  a  5*000-cu"bic“foot  compressor  throu^ 
a  l/^~inch  heavy  hose.  One  operator  detected  a  strange  odor  and  left  his 
compartment  to  chock  with  the  other  two.  He  found  one  of  them  absent  from 
his  compartment  and  the  other  dead  from  carbon  monoxide  poisoning. 

Due  to  a  broken  exhaust  valve,  the  compressor  became  unduly  heated 
and  set  fire  to  oil  and  carbon,  and  the  carbon  monoxide  liberated  was  carried 
through  the  hose  to  the  masks. 

These  accidents,  in  which  the  use  of  compressed  air  for  ventilation 
was  directly  involved,  indicate  that  it  is  not  a  safe  means  of  ventilation, 
at  least  in  coal  mines,  which  give  off  explosive  gas,  and  at  best  is  a 
decidedly  costly  method  per  unit  of  volume  of  air  furnished  or  moved. 

Another  hazard  in  connection  with  the  use  of  compressed-air  jets 
in  gassy  and  dusty  nines  is  that  of  possible  static  sparks.  Although  this 
hazard  has  not  been  recognized  in  this  country,  it  has  been  given  considerable 
thought  and  study  in  Europe,  as  indicated  by  the  following  information. 

In  Belgium  and  France  firedamp  explosions  have  occurred  d\iring  the 
dispersal  of  gas  accumulations  by  compressed  air,  the  ignitions  having  been 
credited  to  electrostatic  charges  generated  at  the  nozzle  by  the  issuing  air^. 

Tests  made  by  passing  clean  or  dust— laden  compressed  air  throu^ 
an  iron  tube  at  different  velocities  (20  to  5O  meters  per  second)  and  pressures 
(4  to  8  atmospheres)  revealed  that  the  dust  particles  and  the  nozzle  with 
supplementary  fittings  acquired  opposite  and  equal  electrostatic  charges. 

Due  to  friction  along  the  walls  of  the  tube,  compressed  air  alone 
gave  potentials  of  only  20  volts,  while  dust-laden  air  gave  potentials  of 
several  thousand  volts.  ¥hen  the  air  is  humid,  a  mist  is  formed  in  front  of 
the  nozzle  and  electrostatic  charges  are  not  likely  to  be  produced. 

C'^nditions  most  favorable  to  the  generation  of  these  charges  were 
dry  nonagglomerating  dust  in  a  concentration  of  about  200  grams  per  cubic 
meter;  dry  compressed  air;  air  velocities  over  20  meters  per  second;  dry, 
warm,  low^ionizing  air  surrounding  the  charged  particles;  and  a  satisfactory 
insulation* 

The  intensity  of  spark  required  to  ignite  gas  was  studied  on  a  gas 
mixture  containing  "J  to  Z  percent  of  methane;  in  dry  warm  weather  ignition 
was  obtained  in  each  test  within  a  few  seconds  after  turning  on  the  com¬ 
pressed  air.  In  dac^)  weather  an  ignition  was  much  more  difficult  to  obtain, 
owing  to  the  amount  of  moisture  in  the  atmosphere  and  its  high  state  of  ioni- 
zation* _ 

4/  Iron  and  Coal  Trades  Review:  Electrostatic  Charges  Generated  by  Com- 

pressed  Air,  November  24,  I933,  p,  797. 


5719 


r 


'■"•iC'iT  ■ 


V  r/ 


/  i  ••  ...'<• 


/•4'. 


-  ^£''  ;.  .f\  • 

-'•V  r:,V!j, 


■/  J' 

:  '■ 


o»;:  v:  -  -  '  -  .  - y:. 

■■.  -  ;jv;*  G.; 

-  ■  •-  -  '..  .:^  ;:ect.-, 


■-■■■'■  -  ■^-  - 

'.-  -v. 

ti!' I 

■  -  ■  .:■•'  ■  r ;  '■: : " 

’  ‘  'i'!  .-i  :  -  VO .  . 

o»>'-  i.':  itV'T 


v.v£:jCvI»  PH;!  ' 


!♦-  !  ' 


•zTJAai)*r 


■  /  i  i  o  i  .  •. 


..’'  .'t-  ;! 

n.  •.<. 

'.■; '  .'i.f  ■ 

r  ..-itk. 


•■  v'.  .■',„  '  ;;  ,' 

'V-  ■  V  O'-  k  -'f/j  ■'  .  O' V  .*' 

j'pO.':,  v:'.,' -  ,;  ' ..  ;j  ;r> 


•'  0  c  ■ 

>■  ^  ^11^'  , 


•u..,  < 

vl/io  'io 
3^  lo  I 


Vi^  ffl 


>  ■ 


*^tto  - 


:r 


•  «•  «.  > 

/, '''■ija/ 

1  - 


'  ;')ei 


J  iT: 


-* t.i.  *'* 


■V:.'’-'  ;■,  'vrr-O 

■  ':  '  ’  ‘P  rV'.';  '’"tpr  V 

•V  ■  '  '7 

i.'T.O-*;.'*i;.L>  .,7i 

•  ;  '  :v 

'  ;  "v'f.' '.'ti/s ■’*■^7.:/-, 

<  ’'o-  i/P-n  i  [.ii--. 

'■-  _  -:...  i.'-  ]■V>^X'0'’  i 

"  "f  ^  ^ 

•  *  -  r|  t 


I,  c.  6953 


Although  the  tests  showed  that  the  sparks  will  cause  ignition, 
it  is  concluded  that  the  requisite  conditions  for  an  ignition  occur  rarely 
in  \indergro\ind  workings.  In  cold  weather,  electrostatic  charges  nay  he 
produced  underground  at  compressed-air  nozzles.  It  also  may  he  ass\amed 
that  the  air  in  dry,  hot  workings  will  have  a  low  conductivity,  and  thus 
favor  the  generation  of  electric  sparks. 

As  the  compressed-air  mains  are  usually  sufficiently  grounded, 
no  high  potentials  can  he  produced  hy  then.  The  danger  lies  in  well-in¬ 
sulated  metallic  parts. 

The  pipes  used  to  clean  boreholes,  especially  if  joined  to  the 
supply  hy  a  ruhher  pipe  or  hose,  are  a  source  of  serious  electrostatic 
charges  and  hence  may  he  the  possible  cause  of  ignition.  Grounding  the 
metal  pipes  will  obviate  all  danger. 

Experiments  have  shown  that  enough  electricity  can  he  generated 
hy  the  friction  of  a  small  pulley  and  belt  (such  as  booster  fan  drives) 
to  ignite  natural  gas  readily. 

Static  electrical  cha,rges  of  rather  high  potential  are  some¬ 
times  generated  hy  leaks  in  steam  and  air  lines.  These  charges  are  equalized 
hy  sparks  jumping  from  the  charged  cloud  of  steam  or  air,  which  may  he  of 
sufficient  intensity  to  ignite  a  mixture  of  methane  and  air.  It  is  not 
definitely  known  whether  such  a  spark  could  ignite  coal  dust. 

The  following  table  gives  the  discharge  of  a,ir  from  small  ori¬ 
fices;  these  figures  have  been  used  to  calculate  the  flow  from  jets  under 
conditions  observed  in  the  anthracite  region  of  Pennsylvania. 


Gage  pressure , 
pounds 

Discharge,  cu.  ft.  of  free  air  per  min. 

Diametei 

’  of  orifice,  inches^' 

1/16 

1/8 

1/2 

40 . 

3.07 

12.3 

196 

45 . 

3.36 

13.4 

215 

50 . 

3.64 

14.5 

232 

60 . 

4.20 

16.8 

268 

70 . 

4.76 

19.0 

304 

80 . 

5.32 

21.2 

340 

90 . 

5.87 

23.5 

376 

100 . 

6.45 

25.8 

412 

Under  average  conditions  of  pitch,  heigiit,  and  width,  the  minimum 
quantity  of  air  necessary  to  ventilate  properly  a  gassy,  two-man,  working 
place  is  400  cubic  feet  per  minute.  A  compressor  with  a  capacity  of  2,000 
cubic  feet  of  free  air  per  minute  would  be  capable  of  supplying  compressed 
air  to  only  five  such  working  places. 

5/  Pesle,  Robert,  Mining  Engineers’  Handbook,  1927,  p.  1090. 
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The  proper  ventilation  of  a  gassy  mine,  or  portion  of  such  a  mine, 
solely  hy  compressed  air  is  not  practicable  because  of  the  prohibitive  cost* 
At  3  cents  per  1,000  cubic  feet  for  compressed  air,  which  is  probably  a 
fair  average,  the  cost  of  ventilating  a  gassy  mine  of  five  two-man  working 
places  for  8  hours  would  be  $28.80*  To  ventilate  a  moderate  sized  gassy 
mine  of  100  two^man  working  places  by  compressed  air  would  cost  a  minimijm 
of  $576*00  per  3-hour  day* 

Based  on  the  preceding  table,  the  cost  of  using  compressed-air 
jets  is  as  follows: 


Gage  pressure, 
pounds 

Cost  per  hour,  cents 

Diameter 

of  orifice,  inches 

i7I^ 

1/8 

1/2 

4o . . 

0.55 

2*21 

35*28 

45 . 

*61 

2.4i 

37*70 

50 . 

*66 

2*61 

41.76 

60 . 

.76 

3.02 

48*24 

70 . 

.86 

3*42 

54.72 

80 . 

*92 

3.82 

61.20 

90 . 

1.06 

4.23 

67*68 

100 . 

1*16 

4*65 

74.16 

During  1932*  43,826,027  tons  of  coal  were  produced  in  the 
Pennsylvania  anthracite  region  by  94,210  underground  employees  working  an 
average  of  157*5  <iays  per  man*  The  average  production  per  imderground 
employee  was  2*9  tons  per  day*^ 

A  gassy  mine  operating  five  tiw-nan  working  places  would  produce 
29  tons  of  coal  per  day;  if  this  mine  were  ventilated  by  compressed  air  at 
a  cost  of  $28*80  per  day,  the  cost  of  ventilation  per  ton  of  coal  produced 
would  be  99*3  cents*  On  the  other  hand,  the  cost  of  ventilation  by  a  small 
unit  fan  and  galvanized  iron  tubing  is  0*03  cents  per  1,000  cubic  feet7/, 
or  0*993  cents  per  ton,  based  on  the  above  fitures  of  production*  Hence, 
this  unit  cost  of  supplying  compressed  air  is  about  100  times  as  great  as 
the  cost  of  supplying  the  same  quantity  of  air  by  fan  ventilation* 

Although  it  is  apparent  that  no  company  would  attempt  to  use 
compressed  air  to  ventilate  a  mine  entirely,  there  are  mines  in  which 
compressed-air  jets,  open— end  compressed  air  lines,  and  other  subterfuges 
for  adequate  ventilation  are  used  or  are  permitted  to  be  used.  It  is 
believed  that  such  practices  are  the  result  of  failure  of  mine  officials 
to  conduct  the  ordinarily  sufficient,  normal  ventilation  to  the  working 
places  by  properly  maintained  brattice  or  to  follow  a  seriously  considered 
ventilation  program* _ 

6/  Adams,  W.  W. , and  Geyer,  L*  E*,  Coal-Mine  Accidents  in  the  United  States , 

1932:  Bull*  320,  Bureau  of  Mines,  1934,  87  pp* 
jj  Harri^ton,  D*,  Metal-^vline  Ventilation  and  Its  Relation  to  Safety  and 
Efficiency  in  Mining  Operations:  Report  of  Investigations  2133,  Bureau 
of  Mines,  1920,  8  pp* 
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A  recent  study  has  revealed  that  use  of  reducer  nozzles  or  jets 
at  the  end  of  supply  lines  is  common  practice  in  anthracite  mines.  Jets 
of  l/^inch  opening  were  found  on  gangways  where  the  compressed  air  was 
used  for  several  hours  after  blasting;  jets  of  l/S-inch  opening  were  used 
in  chutes  and  breasts  and  were  allowed  to  remain  in  use  at  all  times  (in 
some  instances,  even  on  idle  days);  jets  were  sometimes  found  inserted  in 
5*-  by  &~inch  wooden  tubing  (  inside  measurement)  about  6  feet  long,  pro~ 
ducing  an  injector  effect;  usually,  however,  they  were  connected  to  the 
supply  line  without  the  tubing  and  too  far  back  from  the  face  to  be  of 
benefit. 


Although  compressed-air  jets  in  a  box  or  tube  created  an  in¬ 
jector  effect  and  circulated  a  considerably  larger  quantity  of  air,  in 
virtually  every  instance  the  result  was  recirculation  of  the  air  in  the 
working  place. 

One  installation  consisted  of  three  l/l6-inch  jets  spaced  about 
100  feet  apart  along  the  supply  line  in  a  pillar  hole  that  had  been  driven 
about  430  feet.  The  pressure  on  the  line  was  about  Uo  pounds,  so  that  the 
maximum  free  air  delivered  from  the  three  jots  could  not  exceed  10  cubic 
feet  per  minute. 

At  another  place  on  a  gangway,  a  1/ 2- inch  jet  inserted  in  the 
end  of  metal  tubing  2^inches  in  diameter  and  100  feet  long  extended  from 
the  gangway  door  about  I35  feet  outby  the  face.  The  quantity  of  air  de¬ 
livered  at  the  inby  end  of  the  tubing  was  1,866  cubic  feet  per  minute,  of 
which  376  cubic  feet  was  delivered  from  the  compressed-air  line,  according 
to  the  table  for  a  l/2-inch  jet  at  90  pounds  pressure. 

A  similar  installation  consisted  of  a  l/8-inch  jet  inserted  in 
the  end  of  metal  tubing  8  inches  in  diameter  leading  from  the  gangway  to 
the  working  place  through  a  rock  hole.  In  this  instance  the  8-inch  metal 
tubing  had  an  extension  of  5“  6- inch  wooden  tubing.  The  quantity  of 

air  delivered  in  this  instance  was  466  cubic  feet  per  minute,  of  which  24 
cubic  feet  was  supplied  by  the  jet,  according  to  the  table  for  a  I/8— inch 
jet,  at  a  pressure  of  90  pounds. 

Other  methods  for  ventilating  by  compressed  air  consisted  of  open 
or  partly  open  valves  and  open-end  supply  lines,  which  sometimes  were  in¬ 
serted  in  one  end  of  a  6-inch  length  of  wooden  tubing. 

As  commonly  used  in  mines,  ventilation  by  compressed-air  jets, 
open  valves,  and  open-end  supply  lines  is  neither  efficient  nor  effective; 
because  of  the  high  velocity  of  the  escaping  air  and  the  tvubulent  action 
created,  it  requires  at  least  6  volumes  of  compressed  air  to  remove  1 
volume  of  smoke  such  as  is  created  by  blasting.  On  the  other  hand,  1 
volume  of  fresh  air  conducted  to  a  working  place  by  means  of  a  properly 
constructed  brattice  so  as  to  maintain  a  velocity  of  about  25  feet  per 
minute,  will  remove  easily  1  volume  of  smoke* 
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An  adequate  and  dependable  ventilating  system  precludes  the  neces« 
sity  of  secondary  ventilation  schemes  such  as  compressed-air  jets,  open 
valves,  and  open-end  compressed-air  supply  lines.  In  general,  it  will  be 
found  that  wherever  compressed-air  lines  are  installed  there  is  a  tendency 
on  the  part  of  the  men  to  use  the  compressed  air  in  an  effort  to  clear  away 
the  smoko  from  blasts  and  for  ventilating  purposes,  simply  because  the  ordi¬ 
narily  sufficient,  normal  ventilating  current  has  not  been  maintained  properly. 
When  compressed-air  jets,  booster  fans,  and  ventube  blowers  are  used  or  are 
permitted  to  be  used  in  normal  mining  operations,  it  is  essentially  a 
confession  on  the  part  of  the  mine  officials  that  their  primary  ventilating 
system  is  inadequate  or  undependable. 

Some  companies  have  taken  definite  steps  to  eliminate  the  costly 
and  wasteful  use  for  ventilation  of  compressed  air  for  power  tools.  A 
reducer  (shown  in  figure  1)  has  been  installed  by  one  company  at  all  junc¬ 
tion  lines  where  compressed  air  is  used  for  drilling;  this  limits  the 
amount  of  air  allowed  to  escape  should  the  valve  be  left  open  after  the 
jack-hammer  is  disconnected. 

The  valve  shown  in  figure  2  apparently  is  a  better,  although 
more  costly,  means  of  eliminating  leakage.  When  this  valve  is  installed 
in  the  compressed-air  line,  the  only  leakage  possible  is  through  the 
very  small  bypass  opening  in  the  valve,  which  allows  a  back  pressure  to 
build  up  against  the  valve  until  the  pressure  on  each  side  of  the  valve 
stem  is  equalized  when  a  jackhammer  is  connected  to  the  end  of  the  line. 

The  adjusting  spring  is  set  so  that  the  valve  remains  open  while  the  jack¬ 
hammer  is  connected.  As  soon  as  the  connection  is  broken,  the  pressure  on 
the  supply  side  of  the  valve  causes  the  stem  to  seat  and  shut  off  the  flow 
of  air,  except  the  small  quantity  that  flows  through  the  bypass  opening. 

The  valves  are  adjusted  and  sealed  in  the  shop  so  that  they  cannot  be 
disturbed;  in  case  they  fail  to  function  properly  they  are  sent  back  to 
the  shop  for  repair. 

There  are  places  and  conditions  that  may  justify  the  use  of 
secondary  ventilating  aids,  as  in  prospecting,  starting  new  places,  clean¬ 
ing  s\amps,  driving  rock  tunnels,  or  sinking  or  raising  shafts. 

Under  such  conditions  comparatively  safe  and  efficient  methods 
of  using  compressed-air  power  for  driving  ventilating  machinery  are  com¬ 
pressed— air-driven  fans,  blowers,  and  injectors. 

These  devices,  however,  should  bo  placed  so  that  they  do  not 
recirculate  the  mine  air  and  will  bo  in  an  air  stream  of  at  least  four 
times  their  capacity,  or  are  bratticed  off  in  such  a  manner  as  to  preclude 
the  possibility  of  recirculation. 

These  secondary’’  ventilating  aids  should  be  kept  in  operation 
at  all  times  to  guard  against  dangerous  acoinulations  of  gas  that  nay 
develop  while  auxiliary  ventilators  are  idle,  and  to  prevent  the  uncon¬ 
trolled  movement  of  bodies  of  gas  when  the  fans,  blowers,  or  injectors  are 
started. 
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Figure  1.- Reducer  for  compressed-air  line. 


Figure  2.-Valve  for  compressed-air  line 
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The  use  of  jet  installations  for  ventilating  "by  compressed  air 
affects  only  that  portion  of  the  working  place  in  the  immediate  vicinity 
of  the  esc^ing  air*  A  slight  cooling  effect  could  be  felt,  but  rarely 
at  a  distance  more  than  a  few  feet  from  the  jet* 

Conpressed*-air  jets  may  bo  used  occasionally  for  temporary 
service  or  in  emergencies  in  shafts,  where  a  number  of  jets  fed  by  one 
air  line  nay  be  placed  either  at  the  top  or  bottom  of  the  shaft*  Used  in 
this  manner  they  act  as  a  propulsive  force  only.  Steam  jets  may  be  used 
for  this  purpose,  also,  and  to  somewhat  better  advantage*  Placed  at  the 
bottom  of  the  shaft,  the  steam  reduces  the  density  of  the  upcast  column 
of  air  and  acts  as  a  propulsive  force*  Based  on  fuel  consumed,  the  effi¬ 
ciency  of  the  steam  jet  is  probably  not  over  I5  percent,  and  the  total 
efficiency  of  compressed-air  jets  used  in  this  manner  is  even  lower. 

CONCLUSIOUS 

Compressed-air  jets  are  inefficient  and  ineffective  means  of 
ventilating  gassy  mines;  rheir  use  in  mines  of  this  class  constitutes  a 
confession  that  normal  ventilation  is  inadequate.  Conclusive  evidence 
that  compressed-air  jets  and  blowers  are  hazardous  is  found  in  reports 
of  accidents  that  were  directly  or  indirectly  the  result  of  efforts  to 
ventilate  with  coimDressed  air*  A  few  of  these  cases  were  cited  in  this 
paper,  and  the  cost  of  ventilating  by  compressed-air  jets,  compared  with 
ventilation  by  more  effective  devices  or  methods,  proves  that  the  manag&- 
ment  is  lax  at  operations  where  their  use  is  permitted.  More  progressive 
companies  not  only  prohibit  the  use  of  compressed-air  jets  for  ventilation 
but  insert  valves  or  controls  in  the  lines,  which  prevent  the  miners  from 
using  them  even  if  they  desire  to  do  so* 


5719 


■ -:  :  f.-*' ■ ' ^ ,'“1  o.'J  ,  ^'d»S  ..  '>r<V'r  odi  ']'■  '.,.  •  .j't'jj'xr- 

''■'  *  ')(S  i*.;;';.:vj  •_',. ^  ,•''/.#>!.  >r  ,  .1  ,*^a'  “i* 


-ir*  *  •:  1:  C  x. I r,  • -'  /  .7  i;{.7‘Ot  “I'-i.' ■'•.■■> ' 

;  ■  '  '■  '■  r 'vr.-;  /j-i  roi?-’ iot'.i)  ::*  •■n  or/ i'va'ti. 

/;.  :^rf:i  aXi^  .c  ■  ■■  .,  ■  ■  ;  jir-  oi.,.;  / 

-  ■-’  '‘v*"''.  ■'  •  '’^r 'j’?''",, r  ';  -.p.  '‘D  )  .v'-r”.'*,; ■  ...■•o« 

jv?tl  -  .fojjOiij--  ■:■  f-  .•  ’''.-ej"  e/':‘  to 

..>,.  «f.o.'X''?a'v  AOif^!  ■■  l)<». 10 >  *-iv>t•X.l=^,,.'■- :;;  a’  :'i  "OiV  t.o> 

“•*  /''■  '■'■-■■  '•  ■■-  ■'■  ■'  '  i'/^ACfO'.q  .?Z  iri^P  '-.  •-vu'' 

*'  ‘OJ;,  iiovfr  v;,*:  'rr^-in,  tr»;  o.  -,;;•  fir.  l'  it/:--L'0r;.%W(W-'"'  *.0 


:v..Oi.:-D_O«00 


*  C  *  I  ' 

.  ?  ..-wr.  f-'Viiri'xnorii  ijr^'  .  ,  ;'  .  ■  ,' . 

’•  ;tDor!  .  .}.'-:Ii/  li  .'  '  ■  n^fc'u  s^ocXa  v''-o>  ■,  • 

'■  ■■'■  '■’■'^  ^’•'  v:-  '  :vV...v'  Sry:'‘Jr.'j'^f) 

■'-  V-  orf:»  . ; .{'  r-vA-  ,.;rjret  : t« 


V  . 


•  .  O  'r'u'"  ■:'!••!■  •.*  ;  5 


:‘J  %A  ic«i 


>.'".'0  IV^  i  rT  A.S>S" 


. .  ■  . 


oa ' . 


I  r  4.  :  .11  w;  .  .  C  :  :  ' .  , .  .  -t  y  •„■ 


.♦»':vV;/.v 


:  '  •■  'O-ui  to  i'-pC’t-i 

.  i;'  ;. '.'.-^/vw.  >'.•■  •  :',u  Tr©  71^;/..'.  fix.i 

‘  ■  ■•  -I,.U 


.  X 

/I 


:'>f 


1 .  '■ 


i  S' 


I.  C.  6954 
August  1937 


IN70BMATI0IT  CIRCULAR 


DEFAEIMENT  OF  THE  INTERIQE  -  BUREAU  OF  MUTES 


DUST  HAZABDS  AND  THEIR  CONTROL  IN  MININGl/ 
By  D.  Harrington^ 


Advocates  of  health  and  safety  in  mining  have  fo\ind  themselves 
confronted  in  recent  years  with  what  might  appear  to  he  contradictory 
procedures  with  regard  to  dust  occurrence  in  mines  and  what  appear  to  he 
suitable  methods  or  measures  to  give  the  mines  and  mine  workers  a  maximum 
measure  of  protection  against  dust,  A  concerted  and  relatively  effective 
drive  has  heen  made  to  introduce  rock  dust  into  bituminous  and  lignitic 
coal  mines  to  prevent  or  limit  e:xplosion  and  fire  disasters,  while  an 
equally  determined  effort  has  heen  and  is  now  being  made  to  curb  rock  dust 
or  to  eliminate  it  from  air  in  metal  mines  to  prevent  or  at  least  limit 
the  occurrence  of  miners*  consumption  and  other  diseases.  Both  procedures 
are  logical  even  though  the  efforts  appear  to  be  of  an  opposing  nature, 

TThile  rock  dusting  has  not  been  applied  in  coal  mines  nearly  as 
universally  or  as  effectively  as  could  and  should  be  done,  nevertheless  a 
careful  analysis  of  the  record  of  the  past  10  years  indicates  that  the 
amount  of  rock  dusting  that  has  been  done  has  resulted  in  the  saving  of  a 
minimum  of  200  lives  annually  -  certainly  no  small  achievement.  Largely 
but  by  no  means  wholly  due  to  the  use  of  rock  dusting,  the  number  of 
fatalities  from  explosions  and  fires  in  our  coal  nines  in  the  last  4  years 
has  been  reduced  more  than  75  percent  as  corpared  with  the  4~year  period 
1911*-15t  the  first  years  of  the  existence  of  the  United  States  Bureau  of 
Mines,  which  was  brought  into  existence  in  I9IO  largely  to  try  to  ^  somo~ 
thing  about  reducing  the  disgracefully  high  fatality  occurrence  from 
explosion  disasters  in  our  coal  mines.  Hence,  rock  dusting  has  been  given 
at  least  a  trial  and  has  proved  its  effectiveness  definitely. 

The  Campaign  to  eliminate  or  at  least  to  reduce  the  presence  of 
rock  dust  in  the  air  of  metal  mines  has  been  by  no  means  as  sensational 
or  as  definitely  successful  as  has  that  to  introduce  rock  dust  into  bi¬ 
tuminous  and  lignitic  coal  mines;  this  is  due  to  the  difference  in  the 
spectacular  feature  of  the  results  of  failure  to  apply  the  remedy  in 
taking  proper  precautions  as  to  air— borne  dust  in  metal  mines,  as  com¬ 
pared  with  failure  in  controlling  coal-mine  dust;  failure  in  controlling 
dust  in  certain  kinds  of  coal  mines  may  cause  scores  of  human  beings  to 
be  hxxrled  into  eternity  in  a  few  seconds,  while  failxire  to  handle  metal-mine 

1/  The  Bureau  of  Minos  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6954,^'^  Presented  before  the  A.I.M.M.E., 
Eobruary  18,  1937* 

2/  Chief,  Health  and  Safety  Branch,  U.  S.  Bureau  of  Mines,  Washington,  D. C, 
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dust  conditions  adequately  works  its  harm  on  single  individuals  and  usually 
only  after  months  or  years  of  exposure..  Notwithstanding  this  lack  of  speo- 
tac\ilar  action  of  air-horne  rock  dust,  there  is  good  reason  to  believe  that 
since  the  beginning  of  the  present  century  more  underground  workers  in  the 
United  States  have  gone  to  their  graves  tlrrough  the  breathing  of  harmful 
dusts  than  have  been  sent  there  through  the  more  sudden  and  spectacular*, 
instrumentality  of  explosions  or  fires.  As  with  the  coal~dust~exrplosion 
hazard,  the  remedies  are  readily  available  in  connection  with  the  other 
features  of  dust  harmfulness  (including  breathing  it),  and  organizations 
that  really  wish  to  avoid  the  various  harmful  effects  of  dust  occurrence  in 
mines  can  readily  do  it. 

There  are  almost  innumerable  uncerta,intios  connected  with  the 
harmfulness  of  dust,  but  dust  is  now  generally  believed  to  be  detrimental 
to  health  through  its  effect  on  the  throat,  bronchial  passages,  lungs, 
stomach,  and  other  internal  organs  as  well  as  on  the  eyes,  ears,  nose,  and 
other  external  organs  and  the  skin  covering  the  entire  body.  Many  dusts 
(metal,  mineral,  and  organic)  are  explosive,  others  fire  spontaneously  with 
more  or  less  readiness  under  varying  conditions,  and  practically  all  dusts 
have  almost  universally  detrimental  or  so-called  "nuisance”  effects  when 
they  settle  in  the  home,  in  the  office,  or  on  the  external  surfaces  of 
buildings  or  on  the  roads,  streets,  or  sidewalks;  all  of  these  facts  (and 
almost  innumerable  others  can  be  added)  make  dust  one  of  the  real  scourges 
of  present-day  life,  and  certainly  no  sane  person  can  deny  that  a  most 
determined  effort  should  be  made  to  reduce  dust  or  at  least  to  confine  it 
in  such  manner  as  to  minimize  its  numerous  harmful  effects. 

It  now  seems  probable  that  the  m.ost  harmful  of  the  ordinary  dusts 
to  breathe  is  that  of  silica,  but  it  must  be  emphasized  that  not  even  free 
silica  (supposedly  the  most  detrimental  of  the  silica  dusts)  is  harmd'ul 
unless  it  is  brea.thed  in  considerable  quantities  or  concentrations  and 
over  extended  periods  of  time;  no  hum.an  being  ever  lived  any  considerable 
span  of  years  on  this  earth  of  ours  without  breathing  silica  dust  (a  large 
part  being  free  silica),  yet  this  does  not  mean  that  all  of  the  people  in 
the  world  now  have  or  have  had  silicosis.  In  other  words,  the  quantity 
of  dust  taken  into  the  respiratory  organs  is  a  controlling  factor  in  dust— 
respirator^'-  harmfulness,  and  common  sense  indicates  tha.t  the  quantity  of 
dust  breathed  is  one  of  the  dominant  factors  as  to  possible  harmf-ulness 
to  health  from  any  kind  of  air-bome  dust.  What  constitutes  that  quantity 
limit,  no  human  being  kn^ws  at  this  time,  notwithstanding  the  fact  that 
numerous  so-called  "threshold”  limits  are  now  being  announced,  some  of  them 
being  embodied  in  State  regulations  or  laws.  Predicating  dust-respiratory 
harmfulness  on  a  sliding  scale  in  proportion  to  the  free— silica  content  of 
the  dust  is  anything  but  logical;  in  the  first  place,  no  one  knows  whether 
a  dust  of  1  percent  silica  is  or  is  not  more  harmful  than  a  dust  of  2  per¬ 
cent,  3  percent,  or  even  30  percent.  Moreover,  air  with  a  certain  number 
of  dust  particles  per  cubic  foot  with  a  silica  content  of  1  percent  (or 
any  other  percentage)  would  probably  be  far  more  hp.rmful  to  one  person 
than  to  another  or  would  be  far  more  harmful  to  a,  person  working  at  maximum 
capacity  (as  when  on  a  c'^ntract  basis)  than  to  one  on  a  day-pay  basis,  or 
more  harmful  to  a  person  working  in  an  atmosphere  of  S5®  90^  J’*  V7ith 
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relative  hunidity  9O  or  95  percent  than  to  one  working  in  an  atmosphere 
of  60°  E.  with  relative  humidity  around  60  percent.  There  are  numerous 
other  more  or  less  similar  contributing  factors  that  make  unworkable  or 
futile  the  establishment  of  regulations  as  to  the  allowable  number  of  dust 
particles  on  a  sliding  scale  in  proportion  to  silica  content  of  the  dust. 

In  some  industries,  such  as  metal  mining  and  tunneling,  there  may  be  as 
many  different  percentages  of  silica  in  the  mine  air  as  there  are  places 
working,  and  in  many  metal  mines  it  is  entirely  unlikely  that  the  pei»»  '  ^ 
centage  of  silica  in  the  air  of  a  working  place  today  will  be  at  all  like 
the  percentage  of  silica  in  that  same  place  tomorrow;  to  apply  to  most 
metal  mines  the  sliding  scale  of  allowable  number  of  dust  particles  in 
the  air  in  proportion  to  silica  content  would  be  utterly  impossible  of  en¬ 
forcement  or  fulfillment. 

Much  should  be  done  to  clarify  numerous  uncertainties  as  to  air- 
dust  harmfulness  before  it  is  attempted  to  establish  more  or  less  rigid 
air-dust  standards  by  legal  means. 

At  present  there  is  definite  lack  of  knowledge  as  to  the  size 
of  ail— borne  dust  likely  to  be  harmful,  and  present— day  so-called  standards 
of  air  dustiness"  are  built  on  numerous  uncertain  premises  on  this  point 
alone.  Different  authorities  find  varying  maximum  and  minimum  sizes  of 
dust  in  lungs  of  deceased  silicotics  ranging  from  as  small  as  0.2  micron 
to  as  large  as  10  microns,  and  from  this  fact  it  is  deduced  that,  as  far 
as  lung  ham  is  concerned,  the  dust  to  be  avoided  is  that  from  2/IO  to  ^/lO 
micron,  on  the  low  side,  to  6  or  even  as  high  as  10  microns,  on  the  high 
side;  this  leaves  much  leeway,  because  an  air— dust  sample  containing 
10,000,000  particles  (5/IO  to  6  micron  size)  per  cubic  foot  of  air  might 
easily  have  30|000»000  particles  2/10  to  10  microns  in  size.  Moreover,  if 
the  solution  theory  of  dust  hamfulness  to  the  lungs  is  correct,  there  is 
the  best  of  reasons  to  think  that  particles  much  smaller  than  2/10  micron 
are  very  likely  to  be  hamful.  And  to  hold  that  the  only  harmful  dust 
sizes  axe  those  found  in  the  lungs  is  anything  but  good  reasoning,  because 
it  is  a.  certainty  that  dusts  from  10  microns  to  100  or  more  microns  in 
size  when  floating  in  the  air  are  drawn  into  the  nostrils  and  other  pro¬ 
tective  air  passages,  and  if  in  large  numbers  soon  clog  these  protective 
agencies  and  passages,  giving  practically  free  unobstructed  entrance  of 
the  so-called  "hamful"  dusts  (say  2/ 10  to  10  micron  sizes)  into  the  lungs 
to  perform  maximum  injury.  It  does  not  seem  to  be  logical  to  disregard 
these  larger  sizes  entirely,  as  is  now  almost  universally  done  in  the  so- 
called  "dust  standards"  being  considered  and  announced.  Again,  the  present- 
day  instruments  and  methods  of  sampling  air-borne  dust  and  making  the 
deteminations  as  to  number  of  particles  present  are  anything  but  accurate 
or  definite,  even  when  handled  by  technically  trained  experts;  and  methods 
or  instruments  applied  to  certain  industrial  conditions  are  wholly  un¬ 
suited  to  others.  A  condition  as  to  air  dustiness  found  in  one  sample  in 
a  certain  place  is  unlikely  to  be  anything  like  another  sample  taken  im¬ 
mediately  afterwards  in  the  same  place  and  in  the  same  manner;  this  is  true 
where  the  sampling  is  done  instantaneously  by  a  grab  method  or  over  a 
period  of  several  minutes.  In  other  words,  the  technic  as  to  quantity 
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particle  determinations  in  air  dustiness  is  "by  no  means  definite,  accurate, 
fair,  or  dependable,  n'^t  r>nly  as  to  conditions  as  between  different  plants 
but  oven  as  between  different  time  periods  in  the  same  place  in  any  one 
plant.  With  all  of  these  as  well  as  numerous  other  uncertainties  as  to 
air-borne  dust,  it  seems  to  be  a  travesty  on  justice  to  try  to  embod;^'-  in 
laws,  and  regulations  having  the  force  of  law,  rigid  standards  as  to .air 
dustiness;  if  quantity  standards  as  to  air-borne  dust  are  made,  they  should 
certainly  be  labeled  tentative;  and  the  technic  of  taking  the  air  samples 
and  making  the  particle  determinations  should  be  very  carefully  outlined 
and  enforced,  otherwise  much  injustice  can  be  inflicted  through  inexperience 
or  the  malice  of  the  persons  making  the  determinations. 

The  remedy  for  harm  to  health  from  dust  in  mines  of  today  is 
chiefly  twofold  use  of  water  to  '^kill’f  the  dust  and  use  of  ventilating 
current  of  fresh  air  to  remove  or  dilute  air  dustiness  where  it  is  not 
feasible  to  ’'kill"  the  dust  by  water.  In  metal  mines,  no  drilling  of  any 
kind  should  be  allowed  without  simultaneous  use  of  water,  and  the  water 
should  be  under  pressure  and  forced  through  the  drill  steel  so  as  to  "kill" 
the  dust  as  it  is  being  formed  at  the  face  of  the  drill  hole.  Many  mines 
resist  this  practice  because  of  expense  of  wet-drilling  equipment  and  of 
placing  and  maintaining  water  lines  and  water  at  all  working  faces;  miners 
resist  because  they  hate  to  do  anything  they  have  not  been  accustomed  to 
doing,  because  the  use  of  water  entails  new  responsibilities,  and  because 
the  water  tends  to  wet  the  clothing.  Many  other  reasons  are  given  by 
owners  as  well  as  by  miners  why  wet  drilling  cannot  be  done,  but  in  at 
least  9  O'u.i  10  mines  wot  drilling  can  and  should  be  insisted  upon. 

Blasting  should  be  done  after  the  working  shift  instead  of  during 
the  shift,  as  it  has  been  found  that  next  to  dry  drilling  blasting  is  the 
worst  present-day  producer  of  dust  in  air  in  sizes  and  concentrations  likely 
to  be  harmful  to  those  who  breathe  it.  Moreover,  there  is  good  reason  to 
suspect  that  the  gases  produced  in  blasting  have  a  rather  serious,  harmful 
effect  on  those  who  breathe  fine  dusts,  due  to  inflammation  of  the  re¬ 
spiratory  organs  by  the  breathing  of  those  gases  even  in  relatively  minute 
proportions.  Various  available  adjuncts  to  blasting,  such  as  water  blasts 
or  curtains,  mist  projectors,  etc.,  as  well  as  frequent  wetting  of  the  muck 
piles  after  blasting  and  of  the  face  region  before  blasting  are  now  re¬ 
quired  and  utilized  by  careful  mine  operators,  even  when  blasting  is  done 
at  the  end  of  the  shift  or  on  the  off  shift. 

In  coal  mines,  the  mining  machines  should  be  equipped  with  water 
spray,  and  to  be  really  effective  the  water  should  be  piped  to  the  face 
and  be  "under  pressure;  here,  again,  the  operator  says  it  is  impracticable, 
expensive,  etc.,  but  the  answer  is  that  water  lines  are  being  kept  at  work¬ 
ing  faces  in  extensive,  up-to-date  coal  mines  in  several  States  and  at  a 
large  nvunber  of  faces  in  many  metal  mines,  also.  Water  should  be  used  on 
the  drilling  machines  in  metal  mines  and  on  the  mining  machines  in  coal 
mines,  and  if  piped  to  the  faces,  can  and  should  be  used  by  the  worker  to 
wet  down  the  broken  rock  or  coal,  together  with  siirrovmding  walls,  timber, 
floor,  etc.,  where  dust  would  otherwise  accumulate;  this  is  being  done  now 
in  numerous  mines  in  several  States.  It  is  due  largely  to  the  much  better 
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ventilation  of  coal  mines  than  of  metal  mines  that  coal  miners  are  less 
afflicted  hy  dust  disease  than  are  metal  miners.  It  is  also  due  to  some 
extent  to  the  better  ventilation  of  coal  mines  that  it  is  feasible  to 
introduce  rock  dust  into  coal  mines  to  prevent  or  limit  explosions  and 
fires  and  yet  not  \induly  endanger  the  health  of  workers,  because  currents 
of  fresh  air  remove  floating  particles  of  dust  and  few,  if  any,  dusts  that 
occur  in  coal  or  metal  mines  are  harmful  to  health  unless  they  are  present 
fairly  continuously  in  finely  divided  form  and  in  large  amounts  in  air 
breathed  by  workers  through  the  working  shift. 

The  general,  although  not  universal,  practice  in  some  coal¬ 
mining  regions  (and  a  good  health  and  safety  practice)  demands  use  of  water 
at  working  faces  to  wkill”  dust  as  it  is  being  formed  and  rock  dusting  of 
the  open  parts  of  the  mines  away  from  the  faces.  Most  mines  rely  very 
little  on  the  use  of  water,  and  where  rock  dust  is  used  the  intent  is  to 
carry  rock  dusting  virtually  to  the  faces;  this  rock  dusting  to  the  face 
appears  to  be  poor  policy  (unless  water  is  unobtainable) ,  as  it  introduces 
additional  dust  at  the  faces  where  about  95  percent  of  the  dust  in  coal 
mines  is  formed,  thus  adung  rock  dust  to  the  already  coal-dust- impregnated 
air  at  working  faces;  this  is  likely  ultimately  to  bring  about  a  very 
serious  health  problem  as  well  as  to  decrease  visibility  very  greatly,  as 
dust  in  the  air  of  coal— mining  places  reduces  visibility  5O  er  more  per¬ 
cent  —  a  decidedly  dangerous  factor  from  a  safety  viewpoint,  even  if  one 
should  disregard  considerations  as  to  health  or  as  to  dust  explosibility. 
Moreover,  cutting  coal  dry  throws  quantities  of  very  fine  coal  dust  into 
the  air,  which  settles  later  on  surrounding  surfaces;  blasting  and  shovel¬ 
ing  also  throw  much  fine  dust  into  the  air,  later  to  settle  on  walls,  timbers, 
roof,  and  floor;  and  if  1  or  2  percent  of  methane  (explosive  gas)  is  present, 
there  must,  in  some  cases,  be  80  percent  or  more  of  rock  dust  (almost  im¬ 
possible  to  maintain)  to  prevent  ignition  of  the  coal  dust  of  some  of  our 
coal  mines. 


CONCLUSIOII 

This  article  treats  only  lightly  of  dust  hazards  and  has  been 
confined  chiefly  to  dust  explosibility  and  to  respiratory  disease  and  almost 
wholly  to  lung  affections;  it  gives  little  or  no  consideration  ro  the  n\i- 
merous  ill  effects  on  human  organs  other  than  the  lungs  due  to  breathing 
more  or  less  insoluble  dusn^  or  the  harm  to  other  internal  organs  (stomach, 
liver,  kidney's,  etc.),  or  to  the  nose,  throat,  and  bronchial  tubes  from 
brea,thing  more  or  less  soluble  or  so-called  "poisonous”  dusts;  nor  does  it 
take  inio  consideration  the  n-emerous  hazards  to  h-jjran  beings  in  the  breath¬ 
ing  of  organic  dusts,  with  accoropanying  hay  fever  and  kindred  ills.  More¬ 
over,  nnmerous  dusts,  both  organic  and  inorganic,  have  harmful  influences 
of  various  kinds  on  eyes,  ears,  and  other  parts  of  the  body,  and  on  the  skla 
from  external  contact;  and  some  dusts  cause  harm  to  health  by  being  absorbed 
through  the  skin.  Hence,  while  pulmonary  disease  due  to  the  breathing  of 
air— borne  dust  is  unquestionably  of  great  present -d.ay  Lmportance,  its  various 
ramifications  (pneumo'coniosis,  silicosis,  antliracosis,  or  these  combined  with 
tuberculosis),  while  vitally  important,  constitute  by  no  means  the  only 

detrimentaJL  effect  to  human  beings  in  coming  in  contact  with  dust,  externally 
or  internallyo 
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A  close  analysis  of  the  status  of  dust  in  industry  (and  in  general 
life  outside  of  industry  also)  indicates  that  numerous,  one  might  almost  say 
innumerable,  uncertainties  still  exist  as  to  specific  features  connected 
with  dust  harmfulness,  and  so  numerous  and  far  reaching  are  these  uncertainr- 
tios  (only  a  few  of  which  ha.ve  "been  indicated  in  this  paper)  that  almost  the 
only  definite  fact  now  available  is  that  dust  is  a  menaxe  and  all  kinds  of 
it  likely  to  come  in  contact  with  human  beings  should  bo  reduced  to  a  mini¬ 
mum  or  at  least  be  held  under  positive  control  until  such  time  as  much  well- 
planned,  well-correlated  research  and  investigative  work  (field  and  labo¬ 
ratory)  has  been  done  on  almost  every  phase  of  the  subject  of  dust,  and 
much  additional  information  has  been  obtained  as  to  harmful  as  well  as  so- 
called  "harmless"  dusts. 

Nximerous  clear-thinking  persons  who  have  made  a  minute,  coraparar- 
tively  long-time  study  of  dust  harrafulness  are  now  expressing  the  view  that 
much  remains  unknown  as  to  tho  health  harm  from  dust,  and  that  about  the 
only  safe  procedure  is  to  take  all  reasonable  measures  to  reduce  air  dusti¬ 
ness  where  men  must  work  or  live.  Philip  DrirJcer,  as  chairman  of  a  Committee 
on  Preventive  Engineering  in  connection  with  air  dustiness,  is  quoted  as 
follows  in  Safety  Engineering  for  December  193^  (vol.  72,  no.  6,  p.  62): 

There  is  no  satisfactory  medical  answer  at  present  to  this 
question,  but  the  engineer  is  making  a  bad  mistake  if  he  lets  men 
breathe  heavy  dust  concentrations  of  any  material.  If  no  other 
reason  for  dust: control'  can  be  found,  then  one  should  read  trans¬ 
cripts  of  some  of  the  recent  suits  at  common  law,  in  which  fan¬ 
tastic  damages  for  alleged  silicosis  were  granted  to  men  who 
breathed  dust  containing  little  or  no  silica.  The  courts  and 
compensation  boards  are  not  impressed  with  subtle  distinctions 
between  dusts  with  10^  and  quartz,  especially  when  medical 
experts  are  reluctant  to  make  definite  statements  as  to  the  com¬ 
parative  significance  of  such  differences. 

It  would  be  well  to  realize  that  men  working  in  dusty  trades 
suffer  far  more  from  respiratory  troubles  of  all  kinds  than  do 
men  who  work  in  clean  air.  The  evidence  that  excessive  dustiness 
of  any  kind  is  harmful  is  beyond  argument. 

The  Colliery  Guardian,  probably  the  leading  technical  coal-mining  magar- 
zine  in  Great  Britain,  had  an  editorial  on  "The  Removal  of  Dust"  in  its 
issue  of  October  23,  193°  (vol.  153#  ^0.  395°#  P»  777) »  introductory 
paragraphs  reading: 

The  British  Colliery  Owners*  Research  Association  has  shown 
much  wisdom  in  selecting  for  attack  that  front  of  the  dust  problem 
which  is  concerned  with  the  causation  of  dust  in  mines  and  its 
dispersal.  Por  the  time  being,  the  duty  of  ascertaining  the 
character  of  the  dusts  that  may  be  classed  as  dangerous  t<^  the 
worker  must  be  left  to  the  geologist  and  pathologist,  and  to  the 
medical  men  the  difficult  questions  involved  in  the  treatment  of 
the  diseases  arising  from  the  inhalation  of  dust. 
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From  the  standpoint  of  those  diseases,  it  is  necessary,  of 
course,  to  accept  certain  criteria,  which  have  "been  laid  down  hy 
the  pathologists  and  have  been  tentatively  adopted  hy  the  law¬ 
givers,  hut  the  dust  prohlen  extends  considerably  heyond  the 
Ihnits  of  those  definitions,  for  we  nay  account  dust  as  a 
nuisance  irrespective  of  its  influence  upon  health  a:id  as  a 
predisposing  cause  of  chest  ailnents,  and  it  constitutes,  as  wo 
all  know,  a  grave  danger  to  the  nine  worker  on  account  of  its 
explosive  character.  So  that  the  nine  nanoger  is  disposed  to 
regard  with  favour  any  neans  within  reason  of  reducing  the 
quantity  of  dust  in  the  workings,  irrespective  of  its  character, 
instead  of  attempting  meticulous  eliminations  of  the  more  dange]>- 
ous  elements. 

These  are  sensible  statements  made  hy  thinlcing  people,  and  wise 
nine-operating  officials  of  the  present  and  of  the  future  will  he  far  less 
inclined  to  split  hairs  as  to  what  constitutes  a  harnf-'al  dust  and  concen¬ 
trate  their  faculties  and  abilities  on  the  feasible  methods  of  handling 
the  dust  hazard  so  it  will  he  reduced  to  a  minimum  in  the  property  and  as 
applied  to  the  employees.  At  present,  the  best  procedure  is  to  kill  the 
dust,  and  it  can  he  done  I 
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DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


MILLING  METHODS  AT  THE  CONCENTRATOR  OF  THE  WALKER  MINING  CO . , 

WALKERMINE,  CALIF. ^ 

By  M.  R.  McKenzie^  and  H.  K.  Lancaster^ 


INTRODUCTION 

This  paper  describing  the  milling  methods  at  the  Walkermine  concentrator,  Plumas  County, 
Calif.,  is  one  of  a  series  being  prepared  by  the  United  States  Bureau  of  Mines  on  milling 
methods  and  costs  in  the  various  mining  districts  throughout  the  United  States. 

ACKNOWLEDGMENT 

The  authors  wish  to  acknowledge  their  indebtedness  to  James  0.  Elton,  manager  of  the 
International  Smelting  Co.,  and  to  Henry  A.  Geisendorfer,  manager  of  the  Walker  Mining  Co., 
for  permission  to  present  this  paper;  to  H.  A.  Geisendorfer  and  J.  D.  Roberts,  shift  boss, 
for  historical  facts,  and  to  D.  D.  MacLellan,  geologist,  for  geological  information. 

LOCATION 

The  Walker  mine  and  mill  are  located  at  Walkermine,  Plumas  County,  in  the  northeastern 
part  of  California  and  at  an  elevation  of  6,200  feet  in  the  Sierra  Nevada.  Walkermine  is 
about  27  miles  northeast  of  Portola,  a  division  point  on  the  Western  Pacific  Railroad  which 
is  about  60  miles  v/est  of  Reno,  Nev. 

Weather  conditions  and  heavy  snowfall  usually  make  the  road  between  Portola  and  Walker- 
mine  impassable  during  the  v/inter  and  early  spring  months.  During  this  period,  transporta¬ 
tion  of  passengers  and  supplies  is  conducted  over  an  aerial  tramway  9  miles  long  the 
terminal  of  which  terminal  is  located  at  Spring  Garden,  Calif.  Construction  of  this  tramway, 
which  was  built  chiefly  for  the  shipment  of  concentrates,  v/as  completed  in  October,  1920. 

GEOLOGY 

The  geology  of  the  Walker  mine  deposit  is  described  in  detail  by  J.  S.  Diller  in 
U.  S.  Geological  Survey  Bulletin  353,  1908,  Geology  of  the  Taylorsville  Region,  Calif. 

In  brief,  the  orebodies  occur  along  a  shear  zone  which  cuts  through  a  highly  garneti- 
ferous  schist,  known  locally  as  the  Robinson  schist.  The  ore  shoots,  which  are  composed  of 
chalcopyrite  in  quartz  and  silicified  schist,  are  not  connected  and  may  be  regarded  as 
individual  deposits.  They  range  from  300  to  2,000  feet  in  length  and  from  5  to  100  feet  in 
width . 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  Is  used; 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6555." 

2  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  mill  superintendent,  Walkermine  concentrator. 

3  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  assistant  mill  superintendent,  Walkermine  concentrator. 
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ORE  TREATED 

The  Walker  ore  has  complex  mineralogical  associations  taut  may  tae  classified  as  a  gold 
and  silver  taearing  chalcopyrite-magnetite-quartz  ore.  Recent  examination  of  the  ore  tay 
R.  E.  Head,  chief  microscopist  of  the  United  States  Bureau  of  Mines,  shewed  the  approximate 
percentages  of  mineral  constitutents  to  tae  as  follows: 


Per  cent 

Quartz  .  75.0 

Garnet  .  5.0 

Chlorite  .  2.5 

Other  nonopaque  minerals  5.0 

Metallic  minerals  .  12 . 5 

Total  .  100.0 


The  metallic  minerals,  which  as  stated  amount  to  12.5  per  cent  of  the  ore,  are  dis¬ 
tributed  as  follows: 


F'er_centj _ by  weight 


Magnetite  .  59.76 

Pyrite  7.80 

Pyrrhotite  .  1.94 

Minor  metallic  gangue  minerals  .  1.10 

Total  metallic  gangue  minerals  .  .  70.60 

Chalcopyrite  24.17 

Chalcocite  .  1.60 

Minor  copper  bearing  minerals  .  2.55 

Noncopper-bearing  minerals  .  1.08 

Total  metallic  ore  minerals  .  29.40 

All  metallic  minerals  .  100.00 


The  ore  is  very  resistant  to  crushing  and  fine  grinding.  During  the  spring  menths  con¬ 
siderable  difficulty  is  encountered  in  crushing  operations  due  to  the  moisture  content  in 
the  ore. 

The  tabulation  which  follows  presents  a  chemical  analysis  of  typical  mill  heads  averaged 
for  a  6-month  period. 


Typical  analysis  of  mill  heads 


Per  cent 

Ounces 

per  ton 

Copper 

Iron 

Sulphur 

Lime 

Insoluble 

Gold 

Silver 

1.687 

9.0 

2.1 

1.1 

79.2 

0.05 

0.833 

HISTORY 

Milling  operations  began  in  June,  1916,  with  the  completion  of  a  75-ton  capacity  pilot 
plant,  which  was  erected  at  a  distance  of  4,700  feet  from  the  shaft  and  at  a  much  lower  ele¬ 
vation.  Transportation  of  the  ore  from  the  mine  to  the  mill  was  accomplished  by  an  aerial 
tramway. 
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Figure  1- Section  of  the  Walker  mine  concentrator  ouilding 
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The  treatment  of  ore  in  this  pilot  plant  may  be  briefly  summarized  as  follows: 

(a)  The  mine  ore  was  crushed  to  2-inch  size  by  Joshua  Hendy  crushers,  one  12  by  24  inch 
and  one  9  by  15  inch. 

(b)  The  crusher  product  was  ground  to  4  per  cent  plus  48-mesh  in  two  No.  64^  Marcy 
ball  mills,  each  operated  in  closed  circuit  with  a  4-foot  6-inch  by  15-foot  9-inch  Dorr 
classifier . 

(c)  The  classifier  overflow  pulp,  which  contained  42  per  cent  of  solids,  was  elevated 
a  distance  of  about  60  feet  to  the  flotation  division,  comprised  entirely  of  sloping  bottom 
Callow  cells. 

(d)  The  flotation  concentrates  were  partially  dewatered  by  two  Callow  cones,  further 
thickened  in  a  Dorr  thickener  and  filtered  by  one  6  by  8  foot  Oliver  filter. 

(e)  The  tailings  were  discharged  into  a  canyon  and  no  attempt  was  made  to  recover  water 
except  that  contained  in  the  concentrates  thickener  overflow. 

Power  was  furnished  locally  by  a  steam  plant  of  350-hp.  capacity  until  1917  when 
electric  power  was  made  available  by  the  completion  of  a  power  transmission  line  14  miles 
long  by  the  Great  Western  Power  Co. 

Reagents  used  in  the  pilot  mill  were  lime,  coal  tar,  and  pine  oil.  Coal  tar  was  re¬ 
placed  by  thiocarbanilide  in  1922. 

During  the  operation  of  the  pilot  plant  the  International  Smelting  Co.  acquired  an 
interest  in  the  property  and,  in  addition  to  securing  electrical  power  previously  mentioned, 
drove  a  working  tunnel  1  mile  long  for  the  purpose  of  developing  the  mine  1,000  feet  verti¬ 
cally  below  the  outcrop.  This  tunnel  was  also  connected  with  the  upper  workings  and  since 
1922  has  served  for  transporting  mine  ore  to  the  mill,  the  aerial  tramway  formerly  used  for 
this  purpose  being  abandoned. 

In  1922  the  size  of  ball-mill  feed  was  reduced  from  2  inches  to  1  inch  by  the  installa¬ 
tion  of  rolls.  At  this  time  the  mill  capacity  was  increased  to  about  300  tons  of  ore  per  day. 

A  larger  mine  production  necessitated  the  building  of  a  new  mill  of  750-ton  capacity, 
which  was  completed  and  started  to  operate  in  December,  1923. 

GENERAL  DESCRIPTION  OF  PRESENT  MILL 

The  present  mill  is  built  on  a  hillside  a  short  distance  from  the  portal  of  the  main 
working  tunnel.  The  location  selected  was  well  suited  to  standard  mill  construction  and 
provided  reasonable  fall  for  gravity  flow  of  pulp  through  the  mill  and  down  the  valley  to 
the  tailings  pond.  The  mill  buildings  are  of  steel  and  concrete  with  sides  and  roofs  made 
of  Anaconda  corrugated  zinc. 

A  typical  longitudinal  section  of  the  concentrator  building  is  presented  in  Figure  1. 

The  coarse  and  intermediate  crushing  plants  are  located  in  separate  buildings  at  one 
side  of  the  mill  proper.  The  mill  proper  includes  four  sections.  Each  section  is  equipped 
with  a  Marcy  ball  mill  which  operates  in  closed  circuit  with  a  Dorr  classifier;  these  are 
followed  by  rougher,  cleaner,  and  scavenger  Callow  flotation  units.  A  thickening  and 
filtering  unit  handles  the  combined  flotation  concentrates  from  the  four  mill  sections. 

On  account  of  the  isolation  of  the  mine  and  mill,  it  is  necessary  to  maintain  well- 
equipped  machine,  electrical,  blacksmith,  and  carpenter  shops.  These  shops  can  meet  almost 
any  emergency,  which  insures  continuity  of  operations. 

Capacity 

The  mill  as  first  designed,  with  three  No.  75  Marcy  ball  mills  and  three  flotation  sec¬ 
tions,  was  operated  for  some  time  at  the  rate  of  750  tons  of  ore  per  day.  Grinding  during 
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this  period  was  maintained  at  4  per  cent  plus  48-mesh  size.  The  mill  capacity  was  later  in¬ 
creased  to  1,200  tons  per  day  by  changing  the  degree  of  grinding  previous  to  flotation  treat¬ 
ment  from  4  to  14  per  cent  plus  48-mesh  size.  It  might  be  interesting  to  note  that  the 
small  sacrifice  in  recovery  entailed  by  coarser  grinding  was  more  than  offset  by  the  lower 
cost  of  milling  which  resulted  from  the  larger  tonnage  treated. 

In  September,  1S29,  the  capacity  was  further  increased  from  1,200  to  1,700  tons  per  day 
by  the  installation  of  a  fourth  mill  section.  This  latter  section  is  identical  with  the 
three  original  sections  except  that  the  grinding  unit  is  larger  and  comprises  a  No .  77  Marcy 
ball  mill  followed  by  a  suitable  classifier;  the  larger  grinding  mill  accounts  for  the  addi¬ 
tional  100-ton  ore  capacity  of  this  section. 

Water  Supply 

Fresh  water  is  obtained  from  springs  and  from  the  mine.  The  spring-water  supply 
amounts  to  approximately  100  gallons  per  minute  but  this  water  is  only  available  for  mill 
use  after  camp  requirements  are  satisfied.  Water  is  pumped  from  the  mine  at  the  rate  of 
about  300  gallons  per  minute,  and  this  source  provides  the  chief  new  water  supply  for  the 
mill.  The  only  water  reclaimed  from  milling  operations  is  that  from  the  concentrates  de¬ 
watering  division.  This  amounts  to  approximately  60  gallons  per  minute  and  is  returned  to 
the  supply  tank  located  above  the  mill,  where  it  is  mixed  with  the  fresh  water. 

Power 

The  Pacific  Gas  and  Electric  Co.  furnishes  power  to  the  mine  and  mill  transformers  from 
Caribou  through  its  Veramont  substation  at  22,000  volts.  Motors  of  100  hp.  or  larger  are 
operated  at  2,200  volts  and  smaller  motors  at  440  volts.  A  110-volt  circuit  is  used  for 
lighting. 

PRESENT  METHOD  OF  CONCENTRATING 

A  flow  sheet  of  the  crushing  plant  and  concentrator  with  a  legend  which  gives  details 
of  machines  used  is  presented  in  Figure  2. 

Coarse  Crushing 

Longitudinal  sections  of  the  coarse  and  intermediate  crushing  units  are  given  in 
Figure  3. 

Ore  is  hauled  from  the  mine  to  the  crushing  plant  during  three  shifts.  Ore  trains 
which  comprise  eleven  3-?— ton  capacity  side  dumping  cars  are  drawn  by  35-hp.  Baldwin-Westing- 
house  electric  locomotives.  The  ore  is  dumped  onto  a  sloping  steel  rail  grizzly  having  11- 
inch  spaces  and  after  passing  through  the  grizzly  falls  into  a  1,500-ton  capacity,  cylindri¬ 
cal,  steel  receiving  bin. 

Ore  is  drawn  from  this  bin  by  a  motor-driven,  42-inch,  Anaconda-type  pan  conveyor  which 
discharges  onto  an  inclined  grizzly  having  ll— inch  spaces.  The  oversize  is  fed  to  a  Traylor 
crusher  set  at  3i  inches.  The  crusher  is  15  by  24  inch  size,  is  driven  by  belt  from  a  150- 
hp.  motor  and  will  handle  85  tons  of  material  per  hour. 

The  grizzly  undersize  drops  direotly  onto  an  inclined  20-inch  conveyor  belt  and  provides 
a  cushioning  layer  for  the  crusher  product  which  drops  onto  the  same  belt.  This  belt  is 
driven  by  a  15-hp.  motor  and  delivers  the  ore  to  the  intermediate  crushing  unit  passing  under 
an  electromagnet  enroute  for  the  removal  of  tramp  iron.  A  picker  is  stationed  at  this  con¬ 
veyor  for  the  removal  of  wood. 
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Legend  for  f lowsheet  of  crushing  p lant  and  concentrator 


Description  of  machines , 

Track  from  mine. 

One  grizzly,  11-inch  spaces. 

Ore  bin,  1,500-ton  capacity. 

One  pan  conveyor,  42-inch. 

One  grizzly,  1-g— inch  spaces. 

One  Traylor  jaw  crusher,  15  by  24  inch. 

Belt  conveyor,  20-inch. 

Electromagnet . 

One  grizzly,  l:^-inch  spaces. 

Two  Anaconda  jaw  crushers,  8  by  20  inch. 

One  bucket  elevator,  16-inch. 

One  trommel  screen,  l-|-inch  holes. 

One  set  Anaconda  rolls,  24  by  55  inch,  set  at  1-inch. 

Two  trommel  screens,  1-inch  holes. 

One  set  Anaconda  rolls,  24  by  55  inch,  set  at  f  inch. 

One  bucket  elevator,  16-inch. 

One  belt  conveyor,  20-inch. 

One  tripper  conveyor. 

Fine-ore  bin,  2,400-ton  capacity. 

Four  feed  conveyor  belts,  18-inch. 

Four  Marcy  ball  mills,  three  No.  75  and  one  No.  77. 

Four  scoop  boxes. 

Reagent  feeders. 

Four  Dorr  duplex  classifiers,  three  6  feet  by  18  feet  4  inches  and  one  6  feet  by 
23  feet  4  inches. 

One  Galigher  sampler  for  heads. 

Eight  Callow  rougher  flotation  machines,  two  3-foot  11-pan  units  per  mill  section. 
Four  primary  Callow  cleaner  machines,  one  3- foot  4-pan  unit  per  mill  section. 

Four  secondary  Callow  cleaner  machines,  one  18-inch  hoppered-type  unit  per  mill 
section. 

Two  Callow  scavenger  machines,  3-foot  7-pan  units. 

One  middlings  sump,  tank  capacity  2,000  gallons. 

Three  Krogh  pumps,  3-inch. 

Two  Dorr  concentrates  thickeners,  12  by  25  foot. 

One  Dorr  thickener,  11  feet  4-^  inches  by  46  feet. 

One  centrifugal  pump,  3-inch. 

Water  storage  tank,  capacity  100,000  gallons. 

One  bucket  elevator,  16-inch. 

One  Oliver  filter,  12  by  8  foot. 

One  Oliver  vacuum  pump,  14  by  8-inch. 

One  Oliver  compressor,  by  8  inch. 

One  belt  conveyor,  18-inch. 

Concentrates  storage  bin,  290-ton  capacity. 

One  Galigher  automatic  sampler  for  tailings. 

One  centrifugal  pump,  1^-inch. 


to  numbers  of  Figure  2. 
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Intermediate  Crushing 


{ 


Ore  from  the  coarse-crushing  unit  is  delivered  onto  an  inclined  grizzly  having  1-|— inch 
spaces.  The  grizzly  oversize  is  fed  to  two  8  by  20  inch  Anaconda-type  jaw  crushers.  The 
grizzly  undersize  joins  the  crushed  material  and  the  combined  products  are  fed  by  a  bucket 
elevator  to  one  40  by  72  inch  trommel  screen  having  l-|-inch  diameter  round  holes.  The  ele¬ 
vator  is  driven  by  a  20-hp.  motor  and  is  equipped  with  buckets  16  by  8  inches  in  size.  The 
trommel  operates  in  closed  circuit  with  a  pair  of  55  by  24  inch  Anaconda  rolls  set  with  a 
1-inch  spacing;  the  rolls  product  returns  to  the  elevator  which  feeds  the  trommel.  The 
trommel  undersize  is  distributed  to  two  40  by  72  inch  trommels  having  1-inch  round  holes. 
These  trommels  operate  in  closed  circuit  with  one  pair  of  55  by  24  inch  Anaconda  rolls,  set 
at  f  inch,  the  rolls  product  being  returned  to  the  trommels  by  a  16-inch  bucket  elevator. 

The  trommel  undersize  product,  minus  1-inch  size,  comprises  the  feed  to  the  grinding 
units  and  is  conveyed  to  the  2,400-ton  capacity  fine-ore  bin  by  a  20-inch  belt  equipped  with 
a  tripper. 

The  coarse  rolls  are  driven  by  a  100-hp.  motor,  the  two  Anaconda  crushers  and  the  fine 
rolls  by  a  150-hp.  motor,  and  the  three  trommels  by  a  10-hp.  motor. 

Grinding  and  Classifying 

As  previously  indicated  the  concentrator  is  divided  into  four  units  for  grinding  and 
flotation  operations.  The  three  original  grinding  units  are  each  equipped  with  one  No.  75 
Marcy  ball  mill  which  operates  in  closed  circuit  with  a  Dorr  duplex  classifier  6  feet  by  18 
feet  4  inches  in  size.  The  fourth  unit  was,  as  previously  mentioned  added  to  increase  the 
capacity  of  the  original  mill  and  is  equipped  with  one  No.  77  Marcy  ball  mill  which  operates 
in  closed  circuit  with  a  Dorr  Duplex  classifier  6  feet  by  23  feet  4  inches  in  size. 

Each  No.  75  Marcy  mill  is  driven  at  a  speed  of  24  r.p.m.  by  a  200-hp.,  900  r.p.m.,  in¬ 
duction  motor  through  a  Falk  herringbone-gear  speed  reducer.  The  No.  77  mill  is  also  driven 
at  a  speed  of  24  r.p.m.  by  a  200-hp.,  900  r  p.m.,  synchronous  motor  through  a  Westinghouse- 
Nuttal  speed  reducer. 

Ball  charges  carried  in  the  Nos.  75  and  77  mills  weigh  9  and  13  tons,  respectively,  and 
are  maintained  by  the  daily  addition  of  4-inch  forged  steel  balls.  Ball  consumption  is 
2.074  pounds  per  ton  of  ore  ground. 

Shell  and  feed  end  liners  are  of  manganese  steel,  the  shell  liners  being  of  the  ship- 
lap  type.  Grate  sections  are  of  rolled  chrome  steel  and  have  -j-inch  openings.  The  tabula¬ 
tion  which  follows  gives  the  life  of  liner  parts  and  the  consumption  of  liners  per  ton  of 
ore  ground. 


Life  of  liner  parts  and  consumption  of  liners  per  ton  of  ore  ground 


Life  of  liner. 

Liner  consumption. 

hours 

rounds  per  ton  of  ore 

Shell  liners  . 

3,200 

0.273 

Feed  end  liners  . 

4,300 

0.176 

Grate  bars  . 

4.200 

0.176 

Total  . 

0.563 

The  classifiers  used  with  the  No.  75  grinding  mills  are  set  at  a  slope  of  3^  inches  to 
the  foot  and  are  operated  at  a  speed  of  27  strokes  per  minute  by  5-hp.  motors.  The  classi¬ 
fier  which  serves  the  No.  77  mill  is  set  at  a  slope  of  3  inches  per  foot  and  is  operated  at 
a  speed  of  25  strokes  per  minute  by  a  5-hp.  motor. 
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Ore  from  the  fine-ore  bins  is  delivered  to  the  center  of  each  drum  and  scoop  type  ball- 
mill  feeder  by  an  18-inch  conveyor  belt.  Each  No.  75  mill  receives  feed  at  the  rate  of  16f 
tons  per  hour  and  the  No.  77  mill  at  the  rate  of  23y  tons  per  hour.  The  grinding  mills 
operate  with  an  average  circulating  load  of  145  per  cent  and  with  pulps  containing  from  77 
to  78  per  cent  of  solids. 

The  degree  of  grinding  is  maintained  at  12  per  cent  plus  48-mesh;  classifier  overflow 
pulps  contain  from  46  to  50  per  cent  of  solids. 

Table  1,  page  9  presents  screen  analyses  of  ball-mill  feed  and  of  intermediate  and 
final  grinding-circuit  products. 


Flotation 

For  simplicity  of  control  and  metallurgical  accounting  the  classifier  overflow  pulps  of 
the  four  grinding  sections  are  combined,  sampled  and  then  distributed  equally  to  four  flota¬ 
tion  units.  The  equipment  of  each  flotation  section  comprises  two  3-foot,  11-pan,  standard 
Callow  rougher  machines,  one  3-foot,  4-pan,  standard  primary  Callow  cleaner,  and  one  18-inch, 
hoppered-type,  secondary  Callow  cleaner. 

The  two  rougher  machines  operate  in  parallel;  rougher  concentrates  are  removed  from  the 
first  three  pans  and  middlings  froths  from  the  remaining  eight  pans.  The  rougher  concen¬ 
trates,  which  have  an  average  content  of  15  per  cent  of  copper,  are  cleaned  in  two  stages, 
the  final  stage  producing  finished  concentrates.  The  middlings  froths  of  the  rougher 
machines  join  the  tailings  of  the  two  cleaner  cells  and  flow  by  gravity  to  a  common  pump 
sump,  and  from  there  are  returned  to  the  head  of  the  rougher  cells  by  three  3-inch  Krogh 
sand  pumps,  each  of  which  is  driven  by  a  15-hp.  motor. 

The  tailings  from  the  rougher  cells  of  the  four  flotation  sections  are  combined  and  dis¬ 
tributed  to  two  3-foot,  7-pan,  Callow  scavenger  units  which  produce  middlings  froths  and 
final  waste  tailings.  The  middlings  froths  join  the  middlings  of  the  rougher  and  cleaner 
units  in  the  common  sump  and  are  returned  to  the  heads  of  the  roughers. 

Cell  blankets  of  4-ply,  quilted,  18-ounce  canvas  are  used  and  have  a  life  of  from  60  to 
90  days. 

Air  for  flotation  operations  is  furnished  at  4.15  pounds  per  square  inch  pressure  by 
two  No.  6i  Roots  bloweres  and  one  Connersville  blower.  The  Roots  blowers  are  each  link-belt 
driven  at  a  speed  of  172  r.p.m.  by  a  150-hp.  motor.  The  Connersville  blower  is  also  link- 
belt  driven  at  a  speed  of  240  r.p.m.  by  a  75-hp.  motor. 

The  reagents  used  in  flotation  comprise  lime,  potassium  ethyl  xanthate  (Z-3),  and 
steam-distilled  pine  oil.  Sodium  aerofloat  was  used  for  a  short  period;  but  reoently  its 
use  has  been  discontinued. 

Dry  hydrated  lime  is  fed  to  the  ball  mills  from  small  hoppered  feeders  at  the  rate  of 
1.2  to  1.6  pounds  per  ton  of  ore  milled.  These  amounts  produce  a  protective  alkalinity  of 
about  1.09  pounds  of  CaO  per  ton  of  mill  water  which  is  sufficient  to  insure  the  desired 
metallurgical  results.  Operators  are  required  to  make  hourly  titrations  for  protective 
alkalinity  and  to  make  immediately  any  changes  in  the  rate  of  adding  lime  as  indicated  by 
these  titrations. 

Xanthate  is  added  as  a  25  per  cent  solution  to  the  classifier  overflow  pulps  by  a 
scraper  feeder  at  the  rate  of  0.18  pound  per  ton  of  ore  treated. 

Steam-distilled  pine  oil  is  added  to  the  ball  mills  by  a  scraper  feeder  at  the  rate  of 
0.16  to  0.22  pound  per  ton  of  ore.  A  rather  large  amount  of  this  reagent  is  necessary  on 
account  of  the  coarseness  of  the  flotation  feed  and  also  due  to  the  fact  that  flotation 
operations  are  conducted  in  a  circuit  which  is  essentially  a  fresh-water  circuit. 
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DEWATERING  AND  HANDLING  OF  CONCENTRATES 

The  concentrates  pulps  which  contain  from  20  to  25  per  cent  of  solids,  flow  by  gravity 
to  two  25  by  12  foot  Dorr  thickeners.  The  thickened  pulps  containing  75  per  cent  of  solids 
are  delivered  to  one  8  by  12  foot  Oliver  drum-type  filter  by  a  16-inch  bucket  elevator.  The 
filter  is  chain  driven  by  a  3-hp.  motor.  The  concentrates  produced  are  handled  by  operating 
the  filter  on  two  of  the  three  daily  shifts,  one  operator  being  required  on  each  shift. 

A  vacuum  amounting  to  22  inches  of  mercury  is  maintained  at  the  filter  by  one  14  by  8 
inch  Oliver  vacuum  pump  which  is  driven  by  belt  from  a  15-hp.  motor.  Blowing  air  is  fur¬ 
nished  at  5  pounds  pressure  by  a  9|-  by  8  inch  Oliver  compressor,  driven  by  belt  from  a  15-hp. 
motor.  The  filtrate  is  handled  by  a  l^inch  centrifugal  pump  in  place  of  the  usual  baro¬ 
metric  leg.  A  filter  cover  gives  appioximately  six  months  of  service  before  replacement  is 
necessary. 

The  overflows  from  the  two  Dorr  thickeners  are  conveyed  to  a  spare  45  by  12  foot  thick¬ 
ener,  where  a  small  additional  recovery  of  fine  concentrates  is  made.  These  concentrates  are 
allowed  to  accumulate  and  are  dewatered  in  the  filter  about  once  each  month. 

The  filter  cake,  which  averages  1  to  -J-  inch  in  thickness  and  v/hich  contains  from  8  to  10 
per  cent  of  moisture,  is  discharged  onto  a  14-inch  conveyor  belt  and  delivered  by  this  belt 
to  a  290-ton  capacity  storage  bin.  The  concentrates  are  loaded  from  this  storage  bin  into 
80C-pound  capaoity  tramway  buckets;  the  latter  are  trammed  to  Spring  Garden  where  the  con¬ 
centrates  are  dumped  into  railroad  cars  for  shipment  to  the  Tooele  plant  of  the  Inter¬ 
national  Smelting  Co. 

The  tramway  is  of  the  double  rope  type  and  is  9  miles  long.  The  loaded  side  is  equipped 
with  l^inch  locked-coil  track  cable  and  the  light  side  with  1-inch  cable  of  the  same  con¬ 
struction.  The  buckets  are  equipped  with  automatic  grips  which  engage  a  -f-inch  Lang  Lay 
traction  rope  which  is  driven  by  a  50-hp.  motor. 

Labor  employed  on  the  tramway  includes  1  foreman,  3  loaders,  3  unloaders,  2  line  riders, 
and  1  agent,  who  is  located  at  Spring  Garden. 

Since  the  completion  of  the  aerial  tramway  in  1922,  it  has  been  an  important  factor  in 
plant  operation  as  it  is  the  only  means  of  transporting  passengers,  mine  and  mill  supplies 
and  camp  provisions  during  the  months  of  heavy  snowfall. 

DISPOSAL  OF  TAILINGS 

The  tailings  of  the  scavenger  flotation  cells  contain  from  33  to  36  per  cent  of  solids 
and  are  conveyed  by  a  wooden  launder  for  a  distance  of  about  f  mile  to  a  large  impounding 
pond.  Proper  precautions  are  taken  to  prevent  tailings  from  entering  near-by  streams. 

MILL  SAMPLING 

Samples  of  the  heads  as  represented  by  the  combined  classifier  overflow  pulps,  the  con¬ 
centrates,  and  the  final  tailings  are  t^ken  during  each  shift  by  Galigher  automatic  samplers. 
The  samples  are  dewatered  in  a  small  pressure  filter  and  after  being  dried  are  split  to 
convenient-size  assay  pulps. 

An  analysis  for  copper  content  is  made  on  each  shift  sample  for  mill  guidance  and 
control.  A  composite  sample  is  made  from  shift  samples  for  metallurgical  accounting. 
These  composite  samples  are  assayed  for  copper,  gold,  silver,  and  insoluble  contents. 

Cars  of  concentrates  are  sampled  by  pipe  samplers  at  Spring  Garden  before  being  shipped 
to  the  smelter. 
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METALLURGICAL  AND  OPERATING  DATA 


Screen  analyses  of  concentrator  intermediate  and  final  products  are  presented  in  Table  1. 
Table  2  gives  chemical  analyses  of  mill  heads,  final  concentrates,  and  tailings;  and  Table  3 
shows  the  percentage  distributions  of  copper,  silver,  gold,  iron,  and  insoluble  in  final 
concentrates  and  tailings.  Metallurgical  data  for  the  period  June  to  November,  1930,  are 
presented  in  Table  4,  and  the  distribution  of  labor  is  shown  in  Table  5. 

Table  1.-  Screen  analyses  of  concentrates  intermediate  and  final  products 


Weight,  per  cent 


No. 

75  Marc.v  mill 

units 

No. 77  Marc.v  mill  unit 

Flotation  products 

Screen  size 

Ball- 

Ball- 

Clas- 

Ball- 

mill 

Clas- 

Clas- 

mill 

Clas- 

sifier 

mill 

dis- 

sifier 

sifier 

dis- 

sifier 

over- 

Concen- 

Middlings 

Tail- 

feed 

charge 

sands 

overflow 

charge 

sands 

flow 

trates 

ings 

Plus  1-inch 

5.4 

- 

- 

- 

- 

- 

- 

- 

- 

Plus  -j— inch 

41.3 

- 

1.4 

- 

- 

0.9 

- 

- 

- 

- 

Plus  4-mesh 

23.0 

2.6 

8.1 

- 

1.2 

4.7 

- 

- 

- 

- 

Plus  8-mesh 

9.5 

4.7 

8.5 

- 

2.5 

6.0 

- 

- 

- 

- 

Plus  30-mesh 

9.0 

30.0 

43.5 

2.5 

23.8 

46.5 

2.2 

- 

- 

3.2 

Plus  48-mesh 

1.8 

14.0 

14.8 

11.2 

14.3 

15.4 

10.5 

4.8 

3.0 

15.7 

Plus  65-mesh 

2.9 

8.1 

6.4 

22.4 

11.4 

8.4 

14.6 

6.8 

1.5 

5.5 

Plus  100-mesh 

0.5 

6.8 

3.3 

2.5 

7.0 

3.3 

6.2 

18.1 

4.5 

13.8 

Plus  150-mesh 

2.4 

6.0 

3.8 

15.5 

10.5 

4.2 

9.0 

14.5 

4.4 

10.0 

Plus  200-mesh 

2.9 

6.1 

3.7 

2.3 

6.5 

3.3 

12.2 

6.8 

6.0 

10.7 

Minus  200-mesh 

1.3 

21.7 

6.5 

43.6 

22.8 

7.3 

45.3 

49.0 

80.6 

41.1 

Totals 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Table  2.-  Chemical  analyses  of  mill  products.  June  to  November.  1930 


Weight, 

per  cent 

Analyses 

Copper, 

per  cent 

Silver, 

ounces  per  ton 

Gold, 

ounces  per  ton 

Insoluble, 

per  cent 

Iron, 

per  cent 

Heads  . 

100.0 

1.687 

0.833 

0.05 

79.0 

9.0 

Concentrates 

6.41 

24.00 

9.920 

0.49 

14.5 

22.1 

Tailings  . 

93.59 

0.163 

0.200 

0.02 

83.5 

8.1 

Table  3.-  Mill  recoveries  and  losses,  June  to  November.  1930 


Weight, 

per  cent 

Distributions,  per  cent 

Copper 

Si Iver 

Gold 

Insoluble 

Iron 

Concentrates  . 

Tailings  . 

6.41 

93.59 

91.2 

8.8 

73.3 

23.7 

62.7 

37.3 

1.2 

98.8 

15.8 

84.2 
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Table  4.-  Metallurgical  data.  June  to  November.  1950 


Ore  treated,  total  . r . 

Days  operated  . 

Operating  time  per  day  . 

Amount  of  ore  treated  per  24  hours,  average  . 

Ore  treated  per  man-shift  per  24  hours,  average  .. 

Sections  operated,  average  . 

Ore  treated  per  section  per  24  hours,  average: 

No.  75  Marcy  mill  units  . 

No.  77  Marcy  mill  unit  . 

Concentrates  produced,  total  . 

Copper  produced,  total  . 

Concentrates  produced  per  24  hours,  average  . 

Recoveries : 

Copper  . 

Silver  . 

Gold  . 

Ratio  of  concentration  . 

Pressure  of  flotation  air,  per  square  inch  . 

Alkalinity  of  mill  water,  CaO  per  ton  of  water  . 

Plus  48-mesh  material  in  flotation  tailings  . 

Consumptions  of  water,  reagents,  and  supplies  per 

Net  water  used  . 

Lime  . 

Pine  oil  . 

Potassium  ethyl  xanthate  (Z-3)  . 

Sodium  aerofloat  (use  discontinued)  . 

Balls  . 

Liners  . 


tons 

268,2.55 

number 

169 . 67 

hours 

24 

tons 

1,580.62 

do 

38.51 

number 

3.84 

tons 

400 

do 

500 

do 

17,290.54 

pounds 

84,027,948 

tons 

101.90 

per  cent 

91.21 

do 

76.32 

do 

62.73  - 

tons  into  1 

15.57 

pounds 

4.15 

do 

1.09 

per  cent 

Led: 

11.10 

gallons 

325  to  350 

pounds 

1.40 

do 

0.321 

do 

0.084 

do 

0.075 

do 

2.074 

do 

0.563 
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Table  5.-  Distribution  of  labor 


Number  oer  24  hours 

Mill  superintendence: 

Mill  superintendent  . 

1 

Shift  foremen  . 

3 

Coarse  and  intermediate  crushing  departments: 

Crusher  operators  . 

2 

Crusher  helpers  . 

2 

Rolls  . 

2 

Screens  . 

2 

Electromagnet  . 

2 

Grinding  and  flotation  departments: 

Ball  mills  . 

3 

Flotation  operators  . 

3 

Flotation  helpers  . 

3 

Filter  department: 

Operators  . 

2 

Repair  and  shop  crews: 

One  repair  foreman  and  20  men  . 

21 

Distribution  of  e lectric  power. 

May,  1951 


Department 

Ki lowatt-hours 

Per  cent 

Primary  crushing 

42,804 

7.22 

Secondary  crushing 

42,804 

7.23 

Grinding 

348,631 

58.83 

Flotation 

149,765 

25.27 

Filtration 

8,561 

1.45 

Totals  . 

592,565 

100.00 
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Figure  3.- Longitudinal  sections  of  the  coarse  and  intermediate  crushing  units 


I.  C.  6556 


April,  1932 


Department  of  Commerce 


UNITED  states  BUREAU  OF  MINES 
Scott  Turner,  Director 


INFORMATION  CIRCULAR 


250  VERSUS  500  VOLTS  OR  MORE  FOR  CIRCUITS 
IN  GASSY  COAL  MINES 


BY 


L.  C.  ILSLEY 


aOH3MMOO  ■=?0  TM3MT5^A«»aa 


53H»M  -UA-IHUS  a3TAT2  aSTIMU 


I 

flAJUOWfO  HOITAMRO^MI 


Li 

artuDWio  WOT  3«om  ^tjov  ooe  euefiav  ocs 

■Ji'  '  '1  ■.;.  '  !:•;/ 

33141 M  JAOO  Y8aAO  HI 


I. C. 6556 
April,  1932. 


INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


250  VERSUS  500  VOLTS  OR  MORE  FOR  CIRCUITS  IN  GASSY  COAL  MINES ^ 

By  L.  C.  Ilsley^ 


The  maintenance  of  permissible  equipment  which  is  tested  and  inspected  at  the  Pittsburgh 
Experiment  Station  of  the  United  States  Bureau  of  Mines  is  dependent  to  a  surprisng  degree 
upon  the  voltage  at  which  the  equipment  is  operated.  The  difficulty  of  maintaining  500-volt 
equipment  is  frequently  brought  to  the  bureau's  attention,  and  it  is  quite  possible  that  if 
the  bureau  had  appreciated  at  the  beginning  the  full  hazard  involved,  it  would  never  have 
undertaken  the  approval  of  equipment  operating  at  voltages  greater  than  250  volts. 

In  this  connection,  the  following  statement  from  State  mine  inspection  departments  and 
other  sources  are  of  interest  as  showing  the  general  feeling  in  safety  organizations  with 
respect  to  voltages  higher  than  250.  These  statements,  although  obtained  as  a  result  of  a 
questionnaire  sent  out  several  years  ago,  still  apply  very  well  to  present  conditions. 

Com  ants  from  State  Inspection  Group 

A.  I  have  not  had  time  to  consider  seriously  the  proposed  change  from  every 
angle,  but  looking  at  it  from  a  standpoint  of  hazard,  feel  that  the  danger  would  be 
greatly  increased.  I  have  always  occupied  the  position  that  underground  voltage  on 
portable  equipment  should  never  exceed  250  volts. 

High  voltage  of  course  would  mean  smaller  transmission  lines,  which  would  be 
more  economical  and  no  doubt  would  require  in  several  instances  smaller  equipment; 
notwithstanding,  if  this  statement  is  true,  the  writer  is  still  favorable  tc  low 
voltage  on  underground  portable  equipment. 

B.  I  believe  500  volts  should  be  the  limit  on  the  best  equipment  under  the 
best  conditions  and  that  the  U.  S.  Bureau  of  Mines  should  do  all  in  its  power  to 
limit  the  voltage  to  500  volts  on  permissible  equipment,  as  any  increase  in  voltage 
means  increased  hazard. 

C.  I  will  refer  you  to  a  section  of  our  mining  law,  entitled  "An  Act  to  Regu¬ 
late  the  Use  of  Electricity  in  the  Mines  of  the  State  of - "  which  reads  in 

part,  as  follows:  Trolley  wires,  or  other  exposed  electrical  wires,  shall  not 
carry  a  voltage  above  275  volts. 

You  may  readily  see  by  this  that  we  are  not  permitted  to  operate  mining 

machines  under  ground  in  - ,  with  more  than  275  volts  at  the  terminals,  except 

that  we  are  permitted  to  install  transforming  stations  throughout  the  mines,  after 
complying  with  certain  regulations  at  the  mine. 

However,  as  we  have  had  to  date,  within  the  calendar  year  of  1925,  six  men 
electrocuted  in  the  mines  of  the  State,  using  a  voltage  of  275  volts,  I  am  of  the 
opinion  that  if  this  voltage  was  increased,  the  hazard  would  also  be  increased  in 
proportion . 


1  The  Bureau  of  Minos  will  waloome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used; 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6556." 

2  Electrical  engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh  Experiment  Station,  Pittsburgh,  Pa. 
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D.  I  do  not  care  to  make  a  statement  for  publication;  however,  I  am  referring 

you  to  our  mining  laws.  On  page  27  and  28  you  will  find  what  the  laws  of  - 

require  relative  to  the  installation  of  electricity  in  the  mines. 

"Hereafter  where  electricity  is  installed  no  higher  than  two  hundred  seventy- 
five  (275)  volts  shall  be  used  underground,  except  for  transmission,  or  for  appli¬ 
cation  to  transformers  or  other  apparata,  where  the  high-voltage  circuit  is  sta¬ 
tionary.  High-voltage  motors,  and  transformers,  shall  be  installed  in  suitable 
chambers,  built  of  fire-proof  construction,  and  well  ventilated,  and  shall  not  be 
placed  on  intake,  or  between  intake  and  return  air  courses.  All  high-voltage  lines 
lines  and  apparata  must  be  clearly  marked,  to  indicate  their  danger.  Main  and  dis¬ 
tribution  switchboards  for  high  voltage  shall  be  made  of  insulating  and  incombus¬ 
tible  material,  such  as  marble  or  slate,  and  to  be  free  of  all  metallic  veins,  or 
of  material  equivalent  thereto.  Same  shall  be  installed  in  a  dry  place.  All 
switches  or  other  instruments  used  in  connection  with  high  voltage  shall  be  in¬ 
stalled  on  suitable  switchboards,  with  at  least  a  three-foot  passageway  in  front 
and  rear  properly  floored,  and  kept  locked  by  a  door  at  each  end  that  can  be  opened 
from  the  inside  without  a  key.  With  higher  than  medium  voltage,  there  shall  not  be 
any  live  metal  work  on  the  front  of  switchboard,  and  the  entry  cirouit  must  be  pro¬ 
tected  by  an  oil  breaker  switch  on  each  pole  equipped  with  automatic  overload  trip. 

"To  insure  safety,  all  conductors  with  higher  than  medium  voltage  shall  be  pro¬ 
vided  with  sufficient  insulation  of  standard  manufacture  and  steel  armored  cover¬ 
ing,  or  its  equivalent,  covering  to  be  grounded  at  least  every  four  hundred  (400) 
feet.  No  grounding  of  phase  of  alternating  current  shall  be  permitted.  All  branch 
trolley  lines  shall  be  provided  with  automatic  trolley  devices  to  cut  off  the 
current.  All  joints  and  conductors  shall  be  mechanically  and  electrically  effi¬ 
cient.  When  joints  are  complete,  they  shall  be  insulated  to  the  same  extent  as 
the  rest  of  the  wire.  Both  rails  on  main  haulage  roads  shall  be  bonded  and  cross- 
bonded  at  points  not  to  exceed  throe  hundred  (300)  feet  apart.  All  appara,  such  as 
transformer  cases  or  switch  cases,  generators  or  motor  frames  and  pipe  work  on  rear 
of  switchboards,  shall  be  properly  grounded. 

"By  low  voltage  herein  is  meant  a  voltage  of  less  than  one  hundred  ten  (110) 
volts.  By  medium  voltage  herein  is  meant  a  voltage  ranging  from  one  hundred  ten 
(110)  volts  to  two  hundred  seventy-five  (275)  volts.  By  high  voltage  herein  is 
meant  a  voltage  about  two  hundred  seventy-five  (275)  volts." 

E.  The  highest  voltage  allowed  in  -  mines  is  275  volts,  so  this  is  con¬ 
siderably  below  the  amount  you  mention  in  your  letter. 

F.  From  my  experience  in  the  last  25  years  in  coal  mines  in  the  United 
States.,  I  am  of  the  opinion  that  in  no  case  should  the  voltage  enter  a  machine 
terminal  in  the  excess  of  220  volts  A.C.,  and  250  volts  D.C. 

A  contact  with  500  volts  in  a  coal  mine  where  it  is  damp,  ninety-nine  times 
out  of  a  hundred  proves  fatal,  due  to  the  grease  and  dust.  It  would  be  impractical 
to  have  higher  voltage  in  a  mine  due  to  the  chances  of  having  a  short  from  the  dust 
and  grease  around  underground  machinery. 

On  the  surface  where  there  is  mere  room  around  the  machines  and  a  dry  insu¬ 
lated  platform,  I  would  have  no  objections  to  500  volts,  but  I  do  think  it  a  menace 
to  employees  to  have  high  voltage  enter  the  terminal  in  underground  machinery. 

G.  As  a  result  of  some  years  in  the  Southwest,  where  the  first  high-voltage 
equipment  for  operating  mining  machines  was  installed  in  1912,  I  have  had  some  ex¬ 
periences  which  have  given  me  decided  views  on  this  subject.  So  far  as  I  know  we 
have  not  in  this  State  any  A.C.  installations  for  operating  mining  machines  and 
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I  trust  that  we  will  not  have  any  in  the  future.  In  the  McAlester-Wilburton  field 
and  the  Henryetta  field  in  Oklahoma  many  of  the  mines  were  equipped  with  440  A.C. 
installations,  and  in  the  Henryetta  field  in  particular  there  have  been  quite  a 
number  of  fatalities  due  to  underground  employees  coming  in  contact  with  the  wires 
or  with  charged  mining  machines.  If  A.C.  is  underground  for  operating  mining 
machines,  it  should  not  be  used  in  excess  of  275  volts.  This  is  my  opinion. 

With  reference  to  the  particular  case  cited  in  the  letter  accompanying  your 
letter  of  December  19,  presumably  the  equipment  of  approved  mining  machines  has 
passed  the  test  at  500  volts.  If  this  is  true,  if  current  is  furnished  to  this 
machine  in  excess  of  500  volts  then  the  machine  is  not  an  approved  machine:  that 
is,  it  is  not  permissible.  Manufacturers  of  permissible  explosives  furnish  samples 
to  the  bureau,  which  samples  are  tested  by  the  explosives  section  and  the  sticks 
of  permissible  explosive  are  of  certain  length  and  certain  diameter,  and  the  manu¬ 
facturers  are  not  permitted  to  deviate  from  this  size,  since  it  is  the  size 
established  by  the  tests  as  being  safe.  For  like  reason  the  equipment  of  mining 
machines  should  be  held  to  a  certain  standard  voltage,  and  no  deviation  should 
be  permitted  from  this  voltage.  This  is  my  opinion  in  the  matter. 

I  think  it  is  extremely  dangerous  to  boost  the  voltage  as  high  as  600  or  700 
volts  on  a  500-volt  machine.  I  am  not  well  enough  informed  in  the  matter  to  be 
able  to  speak  with  authority,  but  it  seems  to  me  that  this  would  result  in  injury 
to  the  machines  just  as  much  as  feeding  too  low  a  voltage  to  a  D.C.  mining  machine 
results  in  injury  to  the  armature. 

In  brief,  so  far  as  this  bureau  is  concerned  we  are  opposed  to  such  practices, 
and  we  want  to  go  on  record  as  opposed  to  the  installation  of  A.C.  current  for 
operation  of  mining  machines  underground. 

H.  As  the  voltage  increases,  the  danger  increases  also.  Think  maximum 
voltage  to  equipment  should  not  exceed  500. 

I.  If  a  machine  is  equipped  for  500  volts,  any  higher  voltage  is  an  overload, 
and  will  either  burn  or  blow  the  fuse,  thus  causing  flames,  which  as  we  all  know 
is  a  great  hazard  in  coal  mines. 

J.  I  would  in  discussing  this  matter  say  that  a  piece  of  permissible  equip¬ 
ment  designed  to  carry  a  pressure  or  potential  of  500  volts,  be  rendered  unsafe 
and  that  the  hazard  would  naturally  be  increased,  if  a  higher  voltage  is  used  than 
the  equipment  is  designed  for. 

It  has  been  the  coal  industry's  experience  in  -  that  high  voltage  under¬ 

ground  increases  the  hazards. 

This  fact  has  been  recognized  by  the  legislature  in  - ,  by  the  enactment  of  a 

statutory  provision  of  law  that  limits  the  voltage  used  underground  to  325.  The 
mines  that  carry  a  higher  voltage  are  those^  that  were  in  operation  prior  to  the 
passage  and  approval  of  the  act  above  mentioned. 

It  is,  therefore,  the  opinion  of  the  writer  that  higher  voltage  used  under¬ 
ground,  whether  used  in  connection  with  permissible  equipment  or  otherwise,  can 
only  lead  to  greater  hazard. 

K.  The  question  of  increasing  to  600  or  700  volts  the  voltage  of  circuits 
furnishing  power  to  500-volt  equipment  has  been  taken  up  with  several  electricians 
connected  with  the  mining  industry,  and  it  seems  to  be  the  general  opinion  that 
such  practice  should  not  be  approved. 

Any  increase  in  voltage  over  500  tends  to  burden  the  devices  provided  for 
safety. 
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L.  I  am  very  much  of  the  opinion  that  it  would  be  the  unsafe  thing  to  do  in 
the  coal  mines  of  this  State  to  increase  the  voltage  to  more  than  500  volts.  In 
fact,  most  of  our  mines  that  are  equipped  with  electricity  only  250  volts,  which  is 
very  satisfactory  to  those  at  interest.  Very  few,  however,  use  as  many  as  500  volts 
and  I  do  not  believe  that  they  could  be  encouraged  to  use  a  higher  voltage  than 
this . 

The  seams  of  coal  worked  in  this  State,  v/here  mining  machines  are  used,  gen¬ 
erally  speaking,  are  thin.  Therefore,  in  my  opinion,  it  would  be  unsafe  to  in¬ 
crease  the  voltage  to  more  than  500  volts,  as  the  top  is  low,  and  besides,  there 
is  considerable  water  in  these  mines. 

I  am  not  so  sure  at  this  writing  whether  the  Division  of  Mines  would  have 
authority,  under  our  mining  laws,  to  issue  an  order  prohibiting  the  use  of  more 
than  500  volts  in  a  coal  mine,  but  sinoe  we  have  most  all  other  authorities,  I  can 
see  no  reason  why  we  should  not  have  this  authority,  and  in  the  event  that  some 
one  should  suggest  increasing  the  voltage  at  their  mine  to  more  than  500  volts,  I 
believe  that  it  would  be  entirely  proper  for  the  Division  of  Mines  to  prohibit  it 
by  way  of  an  order  from  this  department,  which  I  am  sure  would  be  obeyed,  in  case 
we  shculd  do  so,  as  the  mine  operators  throughout  this  state  are  exceedingly  court¬ 
eous  and  anxious  to  carry  into  effect  any  and  all  orders  issued  by  this  department. 

M.  In  general,  I  do  not  believe  that  the  voltage  on  such  machinery  as  haul¬ 

age  locomotives  and  mining  machines  should  be  raised  above  500  volts.  It  is  my 
opinion  that  such  machines  should  not  use  over  250  volts.  If  voltage  is  increased 
from  500  to  700  it  will  only  be  a  matter  of  time  until  there  will  be  a  tendency  to 

raise  it  to  800  or  1000  volts. 

A  500-volt  machine  will  give  better  service  than  machines  of  higher  voltage,  and 
500  volts  will  cause  much  less  trcuble  with  short-circuiting,  less  sparking  at 
the  commutators,  etc. 

In  case  a  machine  is  not  properly  grounded,  as  a  haulage  locomotive  having  a 
large  amount  of  sand  or  dirt  between  the  rails  and  the  wheels,  there  is  a  much 
greater  chance  to  electrocute  a  workman  on  a  700-volt  than  on  a  500-volt  machine. 
It  is  commonly  accented  that  0.25  amperes  is  sufficient  current  to  cause  electrocu¬ 
tion.  Raising  the  voltage  from  500  to  700  volts  with  the  resistance  which  would 
be  practically  equal  with  both  voltages,  the  hazard  is  greatly  increased.  It  will 
probably  be  stated  that  500  volts  are  generally  sufficient  to  electrocute.  In 

general,  this  is  the  case  but  at  times  it  is  not.  In  metal  mines,  which  in  most 

instances  are  hot  and  wet,  250  volts  are  sufficient  to  cause  death  due  to  the  low 
resistance . 

Underground  electrical  machinery  does  not  get  the  same  care  as  that  on  the 
surface;  trolley  lines  in  general  are  not  out  of  reach  of  the  workers,  machine 
cables  become  more  or  less  worn,  all  of  which  should  point  to  reducing  rather  than 
increasing  the  underground  voltage. 

N.  The  position  of  the  Department  of  Mines  through  the  Bureau  of  Labor  and 
Industry  is  best  evidenced  by  the  following  amendment  which  it  had  added  to  Section 

1879  of  the  Mine  Laws  of - ,  in  cooperation  with  the  coal  operators  of  this 

State  at  the  regular  session  of  the  General  Assembly  in  1S24  "Electric  power  used 
on  trolley  wires  in  collieries  established  after  July  first,  nineteen  hundred  and 
twenty-four,  shall  not  exceed  three  hundred  volts. 

It  is  cur  opinion,  and  apparently  that  of  the  coal  operators  of  - ,  that  a 

voltage  of  over  300  is  not  necessary  for  the  successful  operation  of  coal  mines, 
and  that  above  the  300  voltage,  unnecessary  hazards  are  created.  V/e  hope  that 
10119  -  4  - 


r.C.6556, 


your  bureau  will  not  approve  any  underground  electrical  equipment  for  over  500 
volts,  and  that  when  possible  will  make  it  even  less  than  that. 

O.  Protection  of  wires;  voltage  on  trolley  wires  in  new  collieries:  In  all 
electrically  equipped  mines  at  partings  or  other  places  where  men  are  required  to 
pass  under  bare  power  wires  hanging  less  than  6  feet  6  inches  above  the  place 
where  he  is  required  to  walk,  the  same  shall  be  protected,  either  by  having  the 
wire  in  a  trench  cut  in  the  top,  or  by  means  of  a  board  along  the  wire  or  by  any 
other  method  that  shall  be  approved  by  the  State  Mine  Inspector  or  his  assistant. 
Electric  power  used  on  trolley  wires  in  collieries  established  after  July  first, 
nineteen  hundred  and  twenty- four,  shall  not  exceed  three  hundred  volts.  Any  person 
violating  the  provisions  of  this  section  shall,  upon  conviction,  be  fined  not  less 
than  ten  or  more  than  fifty  dollars. 

P.  It  is  our  opinion  that  a  higher  voltage  than  500  is  not  desirable  in 
underground  workings.  The  darkness  of  the  interior  of  mines  is  a  distinct  disad¬ 
vantage  from  that  of  surface  conductors  of  electricity  where  all  can  be  plainly 
visible.  Another  disadvantage  is  the  lack  of  space  to  put  such  conductors  out  of 
reach  of  persons  traveling,  particularly  in  carrying  and  using  tools  along  the 
ways  the  conductors  are  strung.  The  liability  of  falls  of  coal  and  roof  is  also 
a  distinct  disadvantage  in  applying  higher  voltage  to  underground  machines  except 
as  applying  to  stationary  machine  where  conductors  are  in  the  form  of  armored 
cables  or  of  metallic  coverings. 

The  laws  of  this  State,  Sec.  146,  Article  XIV,  reads:  "No  higher  voltage 
than  medium  voltage  shall  be  used  underground,  except  for  transmission  or  for 
application  to  transformers,  or  other  apparatus,  in  which  the  whole  of  the  high- 
voltage  circuit  is  stationary. 

In  gaseous  mines,  high-voltage  transmission  cables  shall  be  installed  in  the 
intake  airway  only,  and  high-voltage  transformers  shall  be  installed  only  in  suit¬ 
able  chambers  ventilated  by  the  intake  air  which  has  not  passed  through  or  by  a 
gaseous  district. 

All  high-voltage  machines,  apparatus,  and  lines  shall  be  so  marked  as  to 
clearly  indicate  that  they  are  dangerous  by  the  work  "DANGER"  placed  at  frequent 
intervals . 

Q.  I  am  opposed  to  electric  current  in  the  mines  in  excess  of  500  volts. 

Comments  From  Manufacturers  Group 

A.  In  our  opinion,  there  is  an  extra  hazard  created  by  boosting  the  voltage 
of  500-volt  circuits  above  this  figure.  This  may  not  be  true  to  any  great  extent 
in  the  motor  itself,  but  does  become  serious  in  the  starting  apparatus  and  in  the 
cables  used  in  wiring  the  various  machines. 

In  the  starting  apparatus  and  fuse  boxes,  used  on  permissible  portable 
machines,  the  amount  of  space  available  is  usually  very  limited  and  arcing  dis¬ 
tances  are  kept  at  an  absolute  minimum.  Dampness  is  always  present  in  mine  air; 
also,  these  machines  are  required  to  work  in  wet  places  frequently,  which  lowers 
the  apparent  arcing  distance  by  lowering  the  dialectic  strength  of  the  air  or 
other  insulating  material  used  in  this  apparatus. 

The  duplex  cables  usually  used  with  mining  machines,  of  different  kinds  is 
frequently  the  commercial  standard  600-volt  insulation  and  while  it  is  sufficient 
to  withstand  600  or  700  volts  under  normal  conditions  we  feel  that  when  the  500- 
volt  circuit  is  raised  to  600  or  700  volts  the  extra  hazard  from  this  cause  should 
be  prohibited. 
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In  addition  to  the  above,  we  have  always  felt  very  strongly  that  the  ad¬ 
vantage  gained  through  raising  this  voltage  above  normal  was  more  than  offset  by 
the  additional  danger  to  human  life. 

B.  With  reference  to  the  advisability  of  increasing  the  present  500-volt 
circuit  to  600  or  700  volts  for  permissible  equipment  we  wish  to  state  that  we  do 
not  feel  as  though  we  are  in  a  position  to  furnish  information  of  any  great  value 
on  this  subject,  as  all  of  our  permissible  equipment  is  built  for  operating  on 
not  over  250  volts. 

We  do,  however,  believe  that  voltages  above  500  would  likely  cause  consider¬ 
able  trouble  in  mining  operations,  principally  in  permissible  equipment. 

All  manufacturers  of  mining  equipment  are  constantly  facing  the  problem  of 
designing  their  equipment  with  the  largest  maximum  output  into  a  minimum  space. 

This  of  course  is  not  true  in  electrical  work  above  ground  where  plenty  of 
space  is  usually  available  and  equipment  can  be  designed  to  operate  successfull.v 
on  higher  voltages. 

Another  element  v/hich  we  believe  enters  into  this  question  to  a  great  extent, 
is  that  there  is  more  or  less  dampness  in  all  mining  operation  which  require.^ 
additional  care  and  caution  in  the  designing  of  electrical  equipment. 

C.  As  manufacturers  of  portable  electrical  tools  which  are  limited  as  to 
space  for  windings  and  insulation,  we  naturally  desire  that  the  voltage  be  kept  as 
low  as  possible  within  working  limits.  We  have  gradually  been  compelled  to  in¬ 
crease  the  voltage  of  our  tools  for  street  railv/ay  use  from  500  to  700  volts.  This 
has  made  necessary  the  use  of  interpoles,  more  commutator  bars  and  more  finely 
divided  windings.  We  are  now  building  practically  all  of  our  street  railway  tools 
for  700  volts. 

We  feel,  however,  that  the  hazard  underground  is  much  greater  and  believe 
that  a  maximum  voltage  of  550  is  all  that  should  be  allowed.  Quite  a  number  of 
our  coal  drills  of  the  open  type  are  operating  successfully  at  this  voltage. 

D.  We  have  had  no  experience  of  permissible  electric  equipment.  But  on  our 
semienclosed  electric  equipment,  500  volt,  we  are  experiencing  considerable  trouble 
where  the  mines  are  using  650  and  700  volts  instead  of  keeping  within  the  reason¬ 
able  limit  the  equipment  has  been  designed  for. 

I  sincerely  hope  that  the  Bureau  of  Mines  will  be  successful  in  taking  some 
steps  toward  making  the  500  volts  mines  pay  more  attention  to  the  voltage  variation 

E.  It  is  our  belief  that  in  most  mines,  where  500  or  550  volt  circuits  are 
used,  power  is  generated  at  575  or  600  volts.  This  is  to  counteract  the  voltage 
drop  between  the  generator  equipment  and  the  face.  Further,  even  with  this  system 
the  potential  near  the  face  is  generally  500  volts  or  less.  So  that  equipment 
which  was  intended  for  operation  at  the  face  and  was  designed  for  500  volts  was 
in  general  satisfactory.  However,  there  is  a  certain  class  of  electrical  equip¬ 
ment  that  because  of  its  function  might  be  located  or  operated  at  any  place  in 
the  mine  and  if  it  were  located  near  the  generating  equipment,  it  would  of  course 
have  to  be  suitable  for  operation  on  600  volts. 

In  the  last  few  years  most  of  the  coal  companies,  because  of  uneconomical 
operating  conditions,  at  reduced  voltage,  have  attempted  by  means  of  feeders  and 
underground  substations,  which  are  becoming  more  popular,  to  keep  a  more  constant 
potential  throughout  trolley  and  feeder  circuits.  This,  of  course,  means  that  a 
greater  amount  of  electrical  equipment  will  be  operated  on  a  potential  of  over 
500  volts  in  mining  service  and  we  feel,  now  more  than  ever,  that  to  limit  the 
approval  of  permissible  equipment  to  500  volts  would  limit  the  application  and 
usefulness  of  the  apparatus  in  the  mine. 
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The  standard  practice  of  this  company  has  been  to  design  generating  equipment 
for  600  volts  service,  rate  the  stationary  motor  and  control  equipment  of  550  volts 
suitable  for  operation  at  a  10  per  cent  plus  or  minus  voltage  variation  and  rate 
the  locomotive  at  500  volts  suitable  for  operation  on  600  volts.  This,  in  our 
opinion,  is  necessary  for  as  long  as  the  power  is  generated  at  600  volts,  it  will 
be  necessary  to  provide  equipment  suitable  for  operation  on  600  volts  and  we  would 
follow  this  standard  practice  in  any  permissible  design  which  we  would  attempt. 

We  do  not  anticipate  any  troubles  from  the  electrical  point  of  view  in  de¬ 
signing  permissible  equipment  suitable  for  600-volt  operation,  as  our  electrical 
problems  such  as  space  and  creepage  distance  would  be  the  same  in  this  class  of 
equipment  as  it  is  in  our  totally  enclosed  equipment  and  this  we  design  for  min¬ 
ing  work  suitable  for  600-volt  operation. 

We  could  not  recommend  the  use  of  700-volt  circuits  in  the  mines  and  further 
we  believe  that  this  is  entirely  unnecessary  and  would  bring  added  expense  to  both 
electrical  manufacturers  and  the  operators  because  of  our  standard  existing  condi¬ 
tions  . 

F.  Any  one  advocating  more  than  500  volts  is  doing  it  for  a  selfish  purpose 
and  not  an  economical  recommendation. 

The  A.C.  people  only  have  one  argument  and  that  is,  they  can  transmit  under 
high  voltage  with  less  expense  or  investment  in  copper.  On  the  other  hand,  there 
is  no  use  in  cutting  coal  and  loading  it  without  economical  haulage.  There  is  no 
successful  A.C.  haulage  locomotives,  and  while  the  man  who  puts  in  A.C.  high  ten¬ 
sion  for  cutting  has  to  follow  up  with  D.C.  500  volts  for  haulage.  The  difference 
in  cost  for  maintaining  the  A.C.  mining  machine  in  copper  more  than  offsets  the 
additional  cost  of  copper  for  500  volts  D.C.,  considering  that  it  is  necessary  to 
use  D.C.  for  haulage.  In  other  words,  making  one  system  of  D.C.  for  cutting  and 
hauling  is  cheaper  and  more  satisfactory  than  maintaining  the  two  systems.  I  have 
watched  a  great  many  operations  who  have  both  systems  and  in  each  case  where  they 
are  using  A.C.  it  is  necessary  to  put  down  a  number  of  holes  and  protect  the  cables. 
Such  labor  cost  has  run  into  more  expense  than  the  additional  cost  of  copper  to 
carry  through  sufficient  voltage  for  the  500  D.C. 

In  my  experience,  I  will  frankly  say  that  I  would  not  recommend  anything  over 
500  volts  D.C.  and  if  any  one  can  show  me  where  higher  voltage  is  any  advantage 
as  to  safety  or  economy,  I  am  open  to  conviction. 

G.  In  reading  over  the  enclosed  copy  of  part  of  a  letter  the  bureau  has  re¬ 
ceived  from  a  manufacturer  it  would  seem  to  the  writer  that  the  manufacturer  men¬ 
tioned  declines  to  undertake  the  expense  necessary  to  change  his  present  design  to 
overcome  his  difficulties  and  is  trying  to  induce  the  bureau  to  insist  on  a  thing 
that  might  help  him  as  a  less  expensive  way  out. 

The  writer's  experience  has  been  similar  to  the  manufacturer's  mentioned,  but 
considerable  (personal)  research  work  and  constant  improvement  have  overcome  these 
troubles.  The  trouble  mentioned  in  the  manufacturer's  letter  should  not  occur  in 
our  outfits  up  to  750  volts. 

From  a  practical  standpoint  it  is  the  writer's  opinion  that  such  a  ruling  is 
very  unwise.  In  fact,  we  have  less  trouble  and  upkeep  expense  on  higher  voltage, 
and  the  hazard  from  shock  is  practically  the  same  on  500  to  700  volts. 

The  hazard  from  shock  could  be  reduced,  if  not  eliminated,  by  grounding  the 
negative  wire  from  the  reel  to  the  machine  on  the  machine  frame  and  grounding  the 
same  negative  wire  on  the  reel  shaft,  this  same  wire  to  run  out  and  connect  to  the 
rail  in  entry  as  at  present. 
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The  negative  wire,  as  suggested  above,  is  now  also  connected  to  the  rail  for 
return  to  generator.  This  all-metal  negative  return  circuit  would  connect  both 
machine  and  truck  to  the  rail  even  if  the  machine  was  on  the  bottom  under  the  coal. 

Now  if  the  machine  should  become  charged,  the  current  wculd  flow  out  the  re¬ 
turn  cable  and  not  through  the  man  who  might  come  in  contact  with  outside  of  ma¬ 
chine  or  truck.  Also,  if  the  breakdown  should  be  sufficient  to  cause  a  large 
current  to  flow,  the  fuse  in  the  trolley  clip  would  protect  the  apparatus. 

Necessarily  the  operator  must  keep  his  cables  connected  correctly.  Failure 
to  do  this  would  cnly  blow  the  fuse  in  the  trolley  clip  if  the  operator  persisted 
in  trying  to  connect  with  the  trolley  wire. 

More  attention  would  necessarily  be  paid  to  the  correct  connection  of  cables 
than  is  shown  in  the  field  to-day,  which  would  promote  greater  safety,. 

H.  We  do  not  make  mining  machines,  as  the  name  usually  implies,  for  use  in 
undercutting  coal.  Our  product  is  for  boring  the  shot-firing  holes  and  other 
tools  for  use  around  the  mines.  Therefore,  our  experience  would  not  help  you. 

So  far  as  we  have  been  able  to  observe,  we  do  not  believe  that  high  voltages 
above  500  volts  are  safe  in  the  hands  of  the  kind  of  men  usually  working  in  mines, 
especially  in  damp  mines. 

I.  Beg  to  state  that  the  -  Co.  is  opposed  to  voltages  above  500. 

Voltages  very  much  higher  are  safe  enough  above  ground,  but  in  coal  mines  we 

encounter  moisture  and  sulphur.  The  apparatus  will  sweat;  the  moisture  will  evap¬ 
orate  and  float  through  the  electrical  equipment,  condense,  and  cause  grounds  in 
the  case  of  high-voltage  direct  current.  The  result  is  the  arcing  over  and  burn¬ 
ing  out  of  various  parts. 

In  permissible  equipment  it  is  difficult  to  handle  high  voltages  in  breaking 
any  perceptible  amcunt  of  current.  Fine  copper  dust  will  wear  off  from  the  con¬ 
tact  fingers  and  fall  on  the  different  parts  of  the  insulation  in  the  starting 
boxes.  If  hit  with  an  electric  arc  in  a  totally  enclosed  compartment,  a  larger 
arc  is  started,  which  is  very  difficult  to  control. 

We  have  a  customer  that  has  150 - permissible  short-wall  machines  in 

use;  the  voltage  at  the  power  houses  is  maintained  at  500.  Complaints  of  break¬ 
downs  of  the  electrical  equipment  are  practically  negligible. 

We  have  another  customer  that  has  four  permissible  shortwall  machines;  the 
voltage  is  about  650,  and  they  are  continually  complaining  about  the  starting 
apparatus  grounding  and  burning  out,  and  the  motors  breaking  down.  The  coal  is 
much  easier  to  cut  in  the  mines  where  the  650-V  machines  are  used,  nevertheless 
we  have  more  complaint  from  these  four  machines  than  we  do  from  the  150  machines 
that  are  in  harder  cutting.  This  same  company  also  has  considerable  trouble  with 
their  substations. 

We  have  installed  machines  in  several  mines  that  have  high  voltage,  and  in 
each  case  we  have  reports  of  burn-outs  and  troubles  in  general;  and  during  the 
many  years  that  we  have  built  coal  mining  machinery,  we  have  always  found  it  un¬ 
safe  to  use  machines  in  voltages  above  500,  and  earnestly  recommend  that  a  ruling 
be  made  that  permissible  equipment  must  not  be  run  on  voltages  higher  than  500. 

J.  As  a  general  proposition,  we  believe  your  department  and  the  State  mine 
departments  have  established  a  ruling  that  500  volts  is  the  maximum  that  can  be 
safely  used  on  exposed  wires  in  the  mines,  and  in  quite  a  number  of  States,  we 
believe  they  have  ruled  against  the  use  of  500  volts  on  exposed  trolley  line. 

Naturally,  if  a  higher  voltage  can  be  used,  it  reduces  the  cost  of  trans¬ 
mission,  also  takes  care  of  the  loss  from  the  drop  in  the  lines  in  some  of  the 
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large  old  mines;  but  I  would  say,  on  general  principles,  it  also  increases  the 
hazards,  particularly  if  the  higher  voltages  are  handled  on  open  lines.  Take 
mines  as  a  rule,  the  conditions  are  not  very  favorable,  as  the  mines  are  liable 
to  be  damp  in  spots  at  least,  and  there  is  always  danger  in  a  fall  from  the  roof, 
and  if  the  transmission  lines  are  on  the  main  roadways  there  is  always  a  danger  of 
the  men  coming  in  contact  with  same;  and  in  our  opinion  if  the  higher  voltage  is  to 
be  used,  it  would  require  extra  protection  and  would  require  a  somewhat  different 
type  of  controller. 

We  are  doing  so  little  in  the  underground  electric  work  where  high  voltages 
are  used  that  we  have  not  given  this  matter  much  study;  therefore,  hardly  feel 
competent  to  make  any  suggestions  in  regard  to  what  ruling  should  be  made. 

K.  While  we  have  not  furnished  500-volt  mine  equipment  and  therefore  have 
not  experienced  the  difficulties  mentioned  by  the  one  manufacturer,  our  experience 
would  cause  us  to  be  very  much  concerned  were  we  called  upon  to  furnish  such 
equipment  where  it  would  be  operated  on  voltages  from  600  to  700. 

The  complainant  is  justified  in  his  contentions  that  mine  operating  condi¬ 
tions  and  the  small  space  available  for  electrical  apparatus  made  the  use  of  the 
high  voltages  impractical  and  unsafe. 

The  fact  that  some  of  the  State  mine  inspection  departments  have  discouraged 
and  forbidden  the  further  installation  of  500-volt  equipment  on  the  grounds  that  it 
is  not  in  line  with  present  ideas  of  safety  is  pertinent  in  answering  this  question 

If  they  have  found  500  volts  to  be  unsafe  and  we  feel  that  it  is  unsafe,  we 
can  be  quite  sure  that  any  increase  above  500  volts  would  be  most  objectionable. 

L.  It  is  our  opinion  that  the  position  taken  by  the  writer  of  the  enclosure 
is  well  founded,  and  that  600  or  700  volts  is  too  high  voltage  for  operation  of 
equipment  designed  to  operate  on  500  volts. 

We  realize  that  the  reason  for  increasing  the  voltage  is  to  take  care  of  line 
drop  from  the  power  station  to  the  point  at  which  the  machines  are  operated. 

We  would  suggest,  however,  that  instead  of  limiting  the  voltage  at  the  machine 
terminals  to  500  volts  it  would  be  more  reasonable  to  require  that  the  voltage 
should  be  not  more  than  10  per  cent  above  the  normal  rated  voltage  of  machines, 
namely:  Equipment  approved  for  500  volts  should  be  limited  to  voltage  not  ex¬ 
ceeding  550  at  the  machine  terminals. 

This  company  is  just  going  into  permissible  motor  equipment,  and  at  this 
time  we  have  equipment  designed  for  230  volts,  which  is  ready  for  test.  We  are 
interested,  of  course,  in  any  regulations  that  may  be  made  regarding  same. 

M.  We  do  not  consider  ourselves  competent  to  discuss  this  subject  for  the 
reason  that  we  do  not  make  mining  machines  and  do  not  contemplate  building  such 
equipment . 

In  the  past  we  have  built  a  very  limited  number  of  main-haulage  locomotives 
of  the  trolley  type  which  operate  on  500  volts,  and  have  had  no  particular  diffi¬ 
culty  with  these  equipments,  but  in  most  States  it  is  contrary  to  the  statute  to 
use  such  high  voltage  and  very  few  mines  are  thus  equipped. 

Not  being  manufacturers  of  mining  machines  we  can  not  appreciate  the  diffi¬ 
culties  involved  in  providing  the  proper  starting  equipment  adequate  for  higher 
voltages,  but  the  control  equipment  customarily  used  with  500-volt  trolley  locomo¬ 
tives  is  adequate  to  handle  the  motor  equipment  on  600  volts  or  on  peak  currents 
at  750  volts  ordinarily. 

We  regret  that  we  can  not  give  you  any  more  definite  information  for  the 
reason  stated. 
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N.  I  mcst  certainly  am  pleased  to  go  on  record  that  no  voltage  should  exceed 
500  volts  for  any  use  whatsoever  around  a  coal  mine.  This  applies  to  either  above 
the  ground  or  below  the  ground,  but  it  is  specially  true  for  inside  the  mine. 

It  is  time  that  the  Government  put  a  step  to  this  greatly  increasing  the 
voltage  used  underground,  because  if  they  don't  it  won't  be  long  before  we  will  be 
up  to  750  volts  direct  current. 

If  I  had  my  personal  way  I  would  not  recemmened  even  500  volts  inside  a  coal 
mine;  500  volts  is  all  right  on  a  street  railway  system,  but  anything  above  500 
volts  is  in  no  way,  shape,  or  manner  very  free  from  hazards  in  a  coal  mine. 

O.  The  cbjection  made  by  a  manufacturer  of  mining  equipment  relative  to  the 
use  of  600  and  700  volts  on  500-volt  apparatus,  should  in  my  opinion  be  sustained. 

The  electrical  apparatus  such  as  starting  box,  fuse  boxes,  etc.,  designed  for 
500-volt  machines,  is  always  designed  in  accordance  with  certain  limitations  as  to 
the  creepage  distance  of  the  electrical  contacts  to  ground.  If  the  voltage  is 
raised  to  600  or  700  volts  the  margin  of  safety  is  thereby  very  greatly  reduced, 
and  especially  when  this  apparatus  is  used  in  underground  workings  subject  to 
corrosion,  dirt,  and  moisture  the  safety  factor  is  not  as  great  with  this  piece 
of  equipment  as  it  would  be  for  surface  work. 

I  might  mention  an  additional  point  which  the  objector  did  not  give;  namely, 
the  commutation  of  a  500-volt  D.C.  motor  is  not  nearly  so  good  on  600  and  700 
volts  as  it  is  on  500  volts.  Even  under  ordinary  conditions  the  commutator  on  suoh 
a  motor  should  be  redesigned  for  the  higher-voltage  operation.  While  this  in  it¬ 
self  might  not  constitute  an  objection  as  far  as  the  permissibility  goes,  it  cer¬ 
tainly  dees  hasten  the  time  when  the  commutators  must  be  inspeoted  and  attended  to. 

P.  We  have  made  an  investigation  of  machines  that  we  have  in  service  oper¬ 
ating  on  voltages  above  500  and  find  that  about  seven  years  ago  we  modified  our 
designs  to  make  them  satisfactory  for  voltages  as  high  as  650.  These  machines 
have  been  operating  in  a  satisfactory  manner  on  this  voltage  and  we  can  not  see 
that  there  is  any  particular  difficulty  in  building  machines  for  650  volts,  al¬ 
though  we  know  that  the  ordinary  500-volt  machine  will  usually  give  trouble  on 
high  voltages.  For  this  reason  we  can  not  agree  with  the  manufacturer,  a  copy  of 
whose  letter  was  enclosed  with  yours  of  December  19,  that  the  space  limitations  in 
underground  machines  make  the  use  of  high  voltages  impractical. 

In  this  connection  it  might  be  interesting  to  you  to  know  that  at  the  present 
time  we  have  on  our  shop  floor  a  loading  machine  fer  use  underground  that  will  be 
operated  on  2,200  volts. 

The  question  as  to  whether  high  voltages  are  safe  we  believe  should  be  de¬ 
termined  by  the  mine  operator  and  the  State  or  Federal  mining  departments.  We  do 
not  believe  that  the  manufacturer  should  express  any  opinion  regarding  the  use  of 
high  voltages  -  except  as  it  might  affect  the  machine  -  but  that  for  whatever  volt¬ 
age  may  be  chosen  by  the  operator  and  acoepted  by  the  Government  mining  depart¬ 
ment  the  machine  manufacturers  should  design  the  machines,  and  we  have  found  it 
possible  to  design  satisfactory  maohines  for  use  on  voltages  of  from  600  to  700. 

Q.  It  is  the  writer's  opinion  that  it  is  not  a  praotical  prevision  to  add 
the  500-volt  clause  to  the  name-plate  of  permissible  machines. 

The  voltage  designations  of  250  and  500  volts  are  necessarily  only  approxi¬ 
mate  and  the  over-compeunding  of  the  generator  units  to  give  these  voltages  at 
the  machines  must  necessarily  cause  an  impressed  voltage  cn  the  lines  of  10  to  25 
per  cent  of  the  rated  voltage. 
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There  is  undoubtedly  much  more  liability  to  grounds  and  short  circuits  at 
700  volts  than  at  500  volts,  but  in  the  writer's  experience  it  is  only  when  power 
has  been  purchased  and  taken  directly  from  an  interurban  trolley  line  that  volt¬ 
ages  exceed  600  volts  at  the  switchboard. 

R.  I  consider  the  use  of  500  volts  underground  more  hazardous  than  250  volts, 
and  increasing  the  voltage  to  600  or  700  volts  more  hazardous. 

The  manufacturers  are  finding  it  a  difficult  task  to  provide  the  proper  pro¬ 
tection  required  for  permissibility  with  500-volt  equipment.  To  take  care  of  700 
volts  will  be  a  much  greater  task,  and  I  don't  see  the  necessity  for  it. 

Comments  from  Operator  Group 

A.  Technical  Paper  138  allows  use  of  650  volts  maximum  for  medium  voltage. 
This  same  voltage  has  been  approved  by  Mining  Congress  Standardization  Committees 
and  Technical  Paper  138  revised. 

Our  voltage  at  mines  is  frequently  600,  and  we  are  experiencing  no  trouble. 

In  the  purchase  of  500-volt  equipment,  mine  operators  should  indicate  maxi¬ 
mum  voltage  to  which  apparatus  may  be  subjected. 

The  objection  should  not  make  any  change  in  the  rules,  which  apparently  have 
been  satisfactory  for  a  number  of  years.  .  . 

B.  Referring  to  your  letter  of  December  19,  1925,  relative  to  voltage  of 
circuits  furnishing  power  to  permissible  machines;  my  own  personal  opinion  is  that 
the  limit  should  be  placed  at  500  volts  on  all  portable  machines,  as  these  are 
always  given  the  most  severe  usage.  Stationary  machinery,  such  as  pump  installa¬ 
tion,  are  usually  set  up  in  dry,  well-ventilated  rooms,  and  there  is  not  much 
danger  of  failure  due  to  moisture  or  rough  handling. 

C.  Anticipating  as  we  did  quite  a  number  of  years  ago  that  the  first  in¬ 
stallation  cost  of  250-volt  equipment  was  somewhat  higher  and  yet  realizing  fully 
the  safety  detail,  we  have  in  every  case,  with  the  exception  of  one  small  opera¬ 
tion,  adhered  strictly  to  this  standard.  At  the  one  small  operation,  where  we 
have  550  volts,  we  are  within  a  few  months  going  to  finish  up  entirely  our  avail¬ 
able  acreage,  and  I  might  say  at  this  point  we  have  our  own  550-volt  motor  gen¬ 
erator  set;  thus  it  is  impossible  to  reach  anything  like  the  over-voltage  of  600 
or  700,  which,  most  assuredly,  is  a  dangerous  practice. 

D.  Personally  I  do  not  approve  of  the  use  of  a  500-volt  electrical  system 
for  haulage  and  room  equipment. 

Where  500-volt  systems  are  in  use,  it  would  appear  best  practice  to  hold  the 
voltage  as  near  500  as  is  practicable. 

I  believe  10  per  cent  plus  or  minus  would  not  be  objectionable  as  all  appara¬ 
tus  has  an  insulation  factor  of  safety  that  will  take  care  of  10  per  cent. 

A  voltage  of  700  is  beyond  the  range  of  safe  operation  for  500-volt  apparatus. 

E.  Our  opinion  is  that  the  boosting  of  voltage  as  indicated  is  impracticable 
and  an  unsafe  practice,  and  therefore  would  not  recommend  it  for  underground 
installations . 

F.  It  would  seem  that  the  question  as  to  whether  or  not  any  material  hazards 
would  be  involved  if  the  voltage  of  circuits  furnishing  power  to  500-volt  equip¬ 
ment  was  increased  to  600  or  700  volts,  would  depend  entirely  upon  the  design  of 
the  permissible  equipment. 

On  the  other  hand,  I  believe  it  is  quite  the  usual  procedure,  to  operate, 
under  normal  conditions,  a  500-volt  circuit  at  voltages  considerably  in  excess  of 
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this  figure.  This  is  a  practice  which  has  been  brought  about  by  the  fact  that  min¬ 
ing  circuits  in  general  are  of  a  more  or  less  temporary  nature,  and  for  this  reason 
it  is  considered  good  engineering  to  permit  considerable  drop  in  voltage  under 
the  maximum  load  demands. 

It  would  therefore  seem  that,  due  to  these  conditions,  the  designer  of  per¬ 
missible  equipment  should  have  this  feature  in  mind  and  design  his  equipment  to 
successfully  meet  the  average  mining  conditions  rather  than  to  take  the  position 
that  mining  operations  must  be  penalized  in  order  to  conform  to  the  design  of 
permissible  equipment  which  would  only  be  suitable  when  operating  at  a  voltage 
not  in  excess  of  500  volts. 

G.  You  will  remember  that  in  1912  the  subcommittee  of  the  commission  to  re¬ 
vise  and  codify  the  present  Anthracite  Mine  Laws  of  - ,  submitted  for  the  con¬ 

sideration  of  the  said  commission  a  draft  of  an  act  of  assembly  revising  and 

codifying  the  Anthracite  Mine  Laws  of  -  which  distinctly  specified  in  the 

electrical  section  of  the  draft  in  question  that  the  class  of  equipment  which  you 
have  under  consideration  can  not  be  operated  at  a  potential  exceeding  650  volts. 

For  some  time  back,  there  has  been  more  or  less  agitation  to  limit  the  volt¬ 
age  of  mine  locomotives  and  mining  machine  equipment,  and  we  have  therefore  only 
made  installations  for  electric  locomotives  and  other  machinery  at  potentials 
which  would  not  exceed  300  volts. 

We  are  of  the  opinion  that  any  ruling  which  you  should  make  in  reference  to 
mining  machines  should  be  such  as  to  limit  them  to  a  lower  voltage  than  500  rather 
than  going  higher  than  this  amount. 

H.  Referring  to  your  letter  of  the  19  instant  regarding  voltage  being  higher 
than  500  volts  when  furnished  to  permissible  machines,  would  advise  that  it  is  our 
practice  to  operate  our  generating  plants  at  a  voltage  of  550  to  575  volts  maxi¬ 
mum,  this  being  done  to  allow  a  drop  of  from  50  to  75  volts  at  the  place  where 
machines  are  used.  Of  course,  you  will  understand  that  the  drop  is  based  upon  a 
considerable  load,  which  would  be  higher  than  that  used  by  an  ordinary  permissi¬ 
ble  machine;  consequently,  there  might  at  times  be  as  high  as  550  volts  on  the 
permissible  equipment.  However,  we  would  not  recommend  that  the  equipment  be  made 
suitable  for  higher  voltages  than  600  volts,  but  we  think  all  permissible  machines 
should  be  capable  of  withstanding  and  breaking  a  600-volt  circuit. 

I.  From  the  operator's  standpoint,  we  are  absolutely  opposed  to  the  use  of 
voltages  higher  than  five  hundred  (500)  at  the  machinery  terminals  underground. 
We  are  convinced  that  the  economy  effected  with  voltages  higher  than  the  above  is 
not  sufficient  to  offset  the  danger  to  life  and  property  by  its  use. 

J.  I  do  not  know  of  any  installation  where  the  voltage  has  been  boosted 
over  600  volts. 

The  bituminous  mining  law  permits  the  use  of  voltages  up  to  650  volts  in 
mines,  which  is  termed  "medium  voltage."  It  is  against  the  mining  law  to  supply 
current  at  a  higher  voltage  than  this  for  any  portable  machines. 

In  making  a  ruling  to  hold  a  voltage  down  to  500  volts  in  my  opinion  would  not 
meet  with  the  approval  of  operating  companies.  In  placing  a  limit  on  the  voltages 
for  permissible  machines,  I  would  not  recommend  a  voltage  lower  than  550.  It  is 
common  practice  in  this  section  to  generate  and  supply  current  at  the  generating 
station  with  a  terminal  voltage  of  from  575  to  600.  This  permits  a  transmission 
loss  of  about  50  volts  to  the  working  face.  However,  it  is  a  rare  occasion  that 
the  voltage  would  exceed  550  volts  across  the  machine  terminals.  This,  I  would  con¬ 
sider  the  minimum  for  economic  operation  if  a  ruling  was  enforced  to  supply 
current  to  permissible  machines. 
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It  would  be  my  suggestion  that  the  manufacturers  design  and  build  their 
equipment  to  withstand  voltages  ranging  up  to  and  including  550  volts  for  per¬ 
missible  machines. 

K.  I  feel  that  the  advantages  accruing  from  the  general  use  of  600  or  700 
volts  on  underground  machinery  are  so  fev/  as  compared  to  the  hazards  involved  that 
it  is  indiscreet  to  advocate  such  a  course. 

There  have  been  in  the  past  two  generally  recognized  voltages  for  underground 
mining  service,  viz:  250  and  500,  and  there  does  not,  to  my  mind,  exist  any  need 
for  a  higher  voltage  in  underground  work,  which  would  cause  more  confusion  to  the 
operator,  increase  the  hazard  to  property  and  workmen,  and  force  the  manufac¬ 
turer  to  design  practically  a  new  line  of  equipment  for  the  higher  voltage. 

The  arcing  distance  to  ground  must  be  materially  increased  with  the  use  of 
600  or  700  volts,  and  due  to  the  limited  space  available  in  mining  machinery,  it 
would  become  a  serious  problem  to  the  manufacturer  to  build,  and  just  as  difficult 
a  problem  for  the  mine  operator  to  maintain  equipment  for  this  voltage,  especial¬ 
ly  on  portable  machinery. 

The  fire  hazard  in  a  mine  would  be  considerably  increased  due  to  failure  of 
the  insulation  on  the  machinery  and  the  failure  of  the  insulators  carrying  the 
circuits  through  the  mine. 

Even  if  permissible  machines  are  used,  the  hazards  are  not  all  eliminated, 
since  it  would  still  be  necessary  to  carry  the  circuits  for  the  high  voltage. 
Furthermore,  while  the  machines  may  be  maintained  as  permissible  for  some  time 
after  they  are  placed  in  operation,  it  becomes  increasingly  difficult  to  keep  them 
permissible  as  they  get  older,  and  the  high  voltage  becomes  more  and  more  a  dis¬ 
tinct  hazard  to  the  person  or  persons  operating  the  machine. 

With  the  practical  and  successful  application  of  the  automatic  substation  to 
mining  service,  there  no  longer  exists  any  reason  why  a  satisfactory  operating 
pressure  can  not  be  maintained  at  the  working  face  with  present  accepted  voltages 
of  250  and  500. 

L.  I  note  it  has  been  suggested  that  a  ruling  be  made  that  in  cases  of 
approved  machines  the  voltage  at  the  terminal  of  the  machine  must  not  exceed  500 
volts,  because  of  the  fact  that  they  are  limited  as  to  space  for  insulating 
purposes . 

The  so-called  500-volt  standard  generators  are  really  not  500-volt  machines, 
as  at  no  load  they  generate  550  volts  and  compound  up  to  approximately  575  volts. 
This  is  standard  practice  in  building  generators.  This  500-volt  specification 
perhaps  originated  due  to  the  fact  that  very  few  mines  have  sufficient  copper  in¬ 
stalled,  and  at  the  face  during  working  hours  we  very  frequently  find  500  volts  in¬ 
stead  of  the  generated  voltage  at  the  plant,  and  I  believe  that  some  manufacturers 
have  gone  so  far  as  to  design  their  machines  for  500  volts  only,  excepting  or  en¬ 
couraging,  as  it  were,  sufficient  line  loss  to  bring  the  voltage  down  to  500. 

It  requires  very  little  more  insulation  for  575-volt  operation  than  it 
would  for  500  volts,  and  rather  than  encourage  line  loss  due  to  insufficient 
copper  through  stamping  on  the  name  plate  that  no  more  than  500  volts  shall  be 
supplied  to  the  terminals  of  cutting  machines,  I  would  suggest  that  it  be  stamped 
575  volts,  as  this  will  bring  us  within  the  voltage  range  of  standard  generators. 

I  might  also  add  that  if  the  500-volt  reading  were  adopted,  it  would  mean  that 
during  off-peak  hours  the  voltage  at  the  face  of  many  mines  would  be  575  volts, 
and  during  on-peak  hours  it  may  run  as  low  as  400.  I  know  of  no  mine  where  they 
have  700  volts  at  the  face  unless  they  are  purchasing  direct  current  from  street 
railway  companies,  as  all  their  generators  are  special,  and  designed  for  700  volts. 
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M.  I  beg  to  state  that  I  quite  agree  with  the  manufacturer.  If  the  machine 
is  built  for  500  vclts  at  the  terminals,  it  is  rather  unreasonable  to  expect  to 
work  the  machine  under  a  voltage  boosted  up  to  600  or  700  volts  and  expect  the 
starting  boxes,  resistances,  and  fuse  boxes  built  for  500  volts  to  stand  up  under 
this  high  voltage. 

It  is  the  usual  custom  to  generate  current  at  a  higher  voltage  at  the  power 
station  in  order  to  take  care  of  the  line  drop  between  the  power  house  and  the  min¬ 
ing  machine,  but  this  must  be  done  within  reason,  and  at  any  rate  the  starting 
apparatus  at  the  machine  must  be  built  to  take  care  of  a  temporary  higher  voltage 
than  the  machine  is  expected  to  work  under,  as  the  operating  machine  will  imme¬ 
diately  take  from  the  line  momentarily  the  full  voltage  of  the  line,  and  any  regu¬ 
lation  covering  the  voltage  at  the  machine  must  take  into  consideration  this 
temporary  high-line  voltage  in  getting  the  machine  under  way. 

Our  people,  experienced  in  the  handling  of  such  apparatus,  strenuously  object 
to  fixing  the  maximum  voltage  on  approval  plates  at  500  volts. 

If  a  maximum  is  to  be  indioated  on  approval  plates,  it  is  suggested  that  an 
allowance  of  20  per  cent  for  over-voltage  should  be  made,  -  making  the  maximum  300 
volts  for  250-volt  apparatus  and  600  volts  for  500-volt  apparatus. 

N.  The  voltages  used  in  our  mines  for  coal-cutting  machines  and  loccmotives 
is  250,  and  this  voltage  is  not  under  any  oiroumstances  boosted  more  than  10  or  15 
per  cent;  this  is  done  to  take  care  of  some  of  the  voltage  drop  which  is  greater 
where  direct  current  is  used,  as  in  our  instance. 

My  view  with  regard  to  boosting  voltage  to  the  machines  in  general  is  that 
the  voltage  should  never  be  boosted  more  than  10  per  cent  above  the  rated  voltage 
of  the  maohine,  this  should  not  be  done  where  there  is  not  an  appreciable  drop  in 
voltage  due  to  line  loss,  and  the  proper  way  to  take  care  of  line  loss  is  to  in¬ 
stall  larger  feeder  copper. 

O.  I  wish  to  say  that  I  am  strongly  in  accord  with  anything  that  would  tend 
to  prevent  exoessive  voltage  on  500-volt  equipment.  Twenty-five  years  experience 
with  this  class  of  apparatus  has  convinced  me  that  not  only  is  the  hazard  and 
chance  of  personal  injury  increased  by  the  use  of  500-volt  portable  machines,  but 
the  cost  of  maintenance  is  increased  as  well.  I  am  of  the  opinion  that  the  sav¬ 
ings  in  investment  and  possible  decreased  losses  in  transmission  is  more  than  off¬ 
set  by  a  higher  maintenance  cost. 

Here  in  - ,  additional  installations  of  500-vclt  underground  mine  equip¬ 
ment  have  been  prohibited  by  the  State  mining  law  for  several  years.  I  consider 
it  a  wise  move  for  engineers  and  manufacturers  of  electric  mining  machinery  to 
exercise  their  influence  to  prevent  not  only  increased  voltage  on  50C-volt  systems, 
but  as  much  as  possible  to  prohibit  new  installations  of  systems  carrying  more  than 
300  volts  for  portable  mining  equipment. 

P.  Wish  to  advise  that  v/hen  electric  power  was  first  installed  in  our  coal 
mines  in  1902,  individual  power  plants  were  installed  at  each  mine  prcducing  500- 
volt  current,  the  center  of  electric  power  in  the  mines  being  approximately  1  mile 
from  the  generating  station.  The  cost  of  feeder  lines  at  that  time  was  the  de¬ 
termining  factor  in  favor  of  500  volts  against  250  volts. 

In  1908,  after  6  years  experience  with  500-volt  systems,  it  was  decided  to 
use  250  volts  in  all  new  mines,  and  this  has  been  the  standard  since  that  time. 

In  one  of  our  mines,  we  are  now  changing  from  500— volt  equipment  to  250— volt 
equipment  on  account  of  the  difficulties  mentioned  in  your  letter,  and  as  a  matter 
of  safety. 
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Under  modern  mining  practice,  the  ventilating  current  of  air  is  nearly 
saturated,  which  affects  heavy  insulated  feeder  cables. 

We  do  not  consider  it  safe  to  use  higher  than  250  volts  in  our  coal  mines. 

Q.  It  appears  as  though  the  mining  people  who  are  running  their  voltage  up 
to  600  or  700  volts  on  a  nominal  500-volt  circuit  are  trying  to  beat  the  conomic 
law  of  distribution  of  power,  possibly  at  the  same  time  violating  State  laws.  Al¬ 
though  I  do  not  have  a  copy  of  all  State  laws  at  hand,  it  is  my  understanding 
that  practically  all  of  the  States  limit  the  voltage  which  may  be  carried  under¬ 
ground.  In  this  state,  for  example,  all  exposed  wires  are  limited  to  275  volts. 

In  regard  to  the  practicability  of  manufacturing  and  maintaining  permissible 
equipment  on  700-volt  circuits,  I  can  readily  see  that  the  problem  would  be  much 
more  difficult  on  700  volts  than  on  500  volts.  Hence,  it  appears  to  me  that  the 
bureau  would  be  justified  in  qualifying  the  endorsement  on  equipment  to  proper 
rated  voltage. 

R.  We  are  unable  to  supply  any  information  in  reply  to  your  inquiry  of 
January  28,  since  our  experience  has  been  limited  to  mine  voltages  of  from  250  to 
300  volts. 

S.  I  personally  am  very  much  against  any  voltage  in  coal  mines  of  over  275 
D.C.  and  220  A.C.  I  think  that  the  hazard  of  500  volts  D.C.  and  440  A.C.  is  too 
great,  and  to  my  personal  knowledge,  this  higher  voltage  has  caused  a  very  high 
mortality.  I  think  it  is  possible  to  inclose  a  500-volt  machine  so  that  it  will 
probably  be  as  safe  from  flame  as  a  275-volt,  but  I  question  very  much  if  this 
can  be  done  in  a  limited  space  for  a  700-volt  current.  From  absolutely  personal 
interest  in  the  production  of  something  like  75  million  tons  of  coal  during  the 
past  25  years,  I  know  of  only  one  case  of  a  man  being  killed  by  a  250-volt  circuit. 
Around  the  Rock  Springs  mines  of  the  Union  Pacific  Coal  Co  while  I  had  charge  of 
those  properties  we  averaged  nearly  a  man  killed  a  year  with  the  500-volt  circuits. 

T.  I  am  of  the  opinion  that  good  practice  demands  that  the  voltage  supplied 
to  500-volt  mining  machines  should,  under  no  conditions,  be  as  high  as  600  volts. 
It  is  impracticable  in  the  design  of  such  equipment  to  provide  insulation  for  600 
or  700  volts;  in  fact,  it  is  difficult  enough  providing  equipment  good  for  500  volts 

As  to  the  exact  limitation  of  voltage  I  don't  agree  to  limiting  to  a  maxi¬ 
mum  of  500  volts,  because  there  must  be  some  spread  between  average  operating 
voltage  and  maximum.  I  think  the  old  accepted  practice  of  allowing  10  per  cent  is 
sound  and  therefore  the  limitation  of  voltage  should  be  set  at  500  volts. 

U.  I  have  your  letter  of  January  28  and  in  reply  wish  to  say  that  my  practice 
has  been  not  to  use  over  250  volts  on  locomotives  and  mining  machines,  and  I  there¬ 
fore  do  not  feel  qualified  to  say  what  troubles  would  be  experienced  with  600  or 
700  volts  on  equipment  designed  for  500  volts,  though  I  agree  with  the  manufac- 
facturer's  complaint  -  that  on  account  of  limited  space  in  mining  machines  it  is 
desirable  not  to  exceed  the  voltage  for  v/hich  the  machine  is  designed,  because  it 
is  sure  to  cause  trouble  with  contact  fingers,  resistance  and  commutators. 

For  the  last  15  years  I  have  made  it  a  practice  -  in  larger  mines  -  to  carry 
2,300  volts  in  steel  armored  cables  into  the  mines  for  the  operation  of  motor  gen¬ 
erator  sets  or  static  transformers  which  were  so  located  that  the  secondary  lines 
would  have  the  minimum  length,  believing  that  this  was  the  most  economical  method 
and  prevented  disturbance  of  power  lines. 

All  alternating  motors  over  75  hp.  are  operated  on  A.C.  current  and,  where 
possible,  mining  machines  are  built  for  A.C.  current,  though  certain  types  have 
not  been  developed  excepting  for  D.C.  current,  and  that  is  what  I  am  using  in 
the  mines  of  this  company. 
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V.  In  the  first  place  we  are  not  using  any  permissible  machines  operated 
with  voltage  of  500  or  above.  We  feel  that  we  would  have  more  hazard  with  such  a 
voltage  than  we  do  with  our  250  to  300  volts  D.C.  It  appears  to  us  that  the  ques¬ 
tion  of  decision  between  500,  600,  and  700  volts  should  include  an  investigation 
of  the  present-day  standards.  As  we  look  at  it,  standard  generators  are  built  to 
compound  from  550  to  600  volts,  and  it  would  therefore  be  possible  for  any  piece 
of  equipment  in  the  mine  to  receive  600  volts  from  such  a  generator.  For  this 
reason  our  recommendation  would  be  to  place  the  maximum  at  600  volts  D.C. 

GENERAL  COMMENTS  BY  THE  BUREAU  OF  MINES 

As  a  result  of  the  foregoing  comments  by  State  inspection  departments,  manufacturers 
of  electrically  operated  mine  equipment,  and  operators,  the  wording  on  approval  plates  was 
modified  to  include  the  following  clause;  "The  operating  voltage  of  500-volt  equipment  must 
not  exceed  500  volts  at  the  motor  terminals." 

In  addition,  bureau  engineers  have  been  more  critical  in  the  inspection  of  500-volt 
equipment  for  electrical  clearance  and  have  endeavored  where  facilities  permitted,  to  con¬ 
duct  adequacy  tests  on  control  equipment  which  would  show  weakness  in  design. 

The  comments  of  the  State  inspection  group  show  a  marked  preference  for  250  volts  as 
compared  with  500  volts  or  even  higher  voltages.  If  the  question  was  left  in  their  hands, 
undoubtedly  there  would  be  no  500-volt  direct  current  installations,  and  possibly  nothing 
in  excess  of  220  volts  alternating  current. 

In  the  manufacturers  group  one  finds  two  opposing  sets  of  opinion,  depending  upon  the 
experience  of  the  manufacturer.  On  one  hand  there  is  the  group  of  manufacturers  who  build 
mining  equipment  only.  These  companies  would  in  general  welcome  a  low  voltage  and  would 
much  rather  build  250-volt  than  500-volt  equipment.  They  are  those  who  must  cater  to 
cramped  designs  in  order  to  find  space  for  electrical  accessories  when  the  specifications 
for  the  completed  machine  limit  the  height  and  width  of  the  finished  product. 

The  other  group  of  manufacturers  build  chiefly  for  street  railway  and  other  commercial 
work  outside  of  the  mines.  In  general,  the  voltage  on  street-railway  equipment  is  from  600 
to  750  volts  and  manufacturers  of  such  equipment  see  no  difficulty  in  using  similar  equip¬ 
ment  in  mines.  As  a  matter  of  fact,  very  little  of  this  equipment  fits  into  the  special 
designs  required  for  mining  operations,  and  where  these  same  companies  have  had  to  bring  out 
special  designs,  they  are  experiencing  the  same  difficulties  with  excessive  voltage  on  min¬ 
ing  equipment. 

In  the  operators'  group  there  are  also  two  lines  of  argument.  The  operator  who  has  al¬ 
ready  a  large  investment  in  500-volt  equipment  seems  to  come  to  its  defense  as  a  matter  of 
company  policy,  while  those  operators  who  are  not  permitted  by  State  law  to  have  500-volt 
installations,  or  from  choice  have  adopted  lower  voltage  as  their  standard,  are  quite  frank 
in  their  condemnation  of  500-volt  installations  when  viewed  from  the  safety  angle. 

It  would  seem  that  the  operator  who  has  mines  where  there  may  occur  dangerous  accumu¬ 
lations  of  methane  or  coal-dust  undertakes  an  extra  burden  if  he  attempts  to  operate  with  a 
500-volt  installation,  for  he  must  exercise  continual  vigilance  to  maintain  even  a  semblance 
of  safety. 
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KA^ZARDS'  TO  UNDERGROUND  WORKERS  IROM  INFLAMMABLE 
SURTAGE  STRUCTURES  NEAR  MINE  OPENINGS  1 

,  ■  ■  j  a  . 

By  D.  Harrington^  and  M.  W.  von  Bemewitz^. 

PURPOSE  OF  THIS  PUBLICATION 

Sections  120  and  121  of  Article  XI,  Eire  Control,  of  ’ a  proposed  Mine 

Safety  Law  in  preparation,  to  he.  psed  as  desired  and  when  approved  hy  any 

State,  contains  these  provisions:  ’  '  ' 

After  the  adoption  of  these  regulations,  no  mine  operator  shall 
erect  any  nonfireproof  structure  within  50  feet  of  any  mine  entrance 
or  airway.  Every  operating  mine  liaving  nonfireproof  structures 
within  50  feet  of  any  mine  entrance  or  airway,*  except  headframes 
'necessary  for  hoisting,  shall  have  such  structures  fireproofed  or 
removed  and  replaced  with  fireproof  structures  within  six  months  of 
the  adoption  of  these  regulations'.  Before  reopening,  mines  'idle  at 
.the  time  of  the  adoption  of  these  regulations  shall  have  all  non- 
fireppbof  structures  fireproofed,  r^oved,  or  replaced  with  fire¬ 
proof  structure's' as’  requi}:*od  hy  the  foregoing  sentence.. 

Upon  receipt  of.  the  written  statement  of  a  mine  operator  that 
,the  fireproofing  of  existing  structures  is  impracticable,  the  chief  . 

■  mining  engineer  (of  the  State  coimiission)  shall  satisfy  himself  as 
to  the  accuracy  of  the  statement.  If  he  concurs  tliat  f irex>roofing 
is  impracticable,  and  if  at  the  same  time  he  -holds  the  opinion  that  . 
adequate  protection  can  he  provided  otheimrise  hy  such  procedure,  he 
shall  have  authority  to  issue  a  writteii  permit  for  the  substitution 
of  fireproof  door  at,  or  near  portals  of  mine  openings  and  collars 
of  shafts.  Such  doors  shall  fit  as  nearly  gas-tight  as  possible 
and  shall  be  installed  in  such  a  way  that  the  moUths-  of  mine  open-  . 
ings  can  be  closed  readily  from  outside  of  structures.  The  effec- 
.  tiveness  of  such  permit  may  be  made  contingent  U’oon  the  operator’s  ^ 
continued  compliance  with- any  additional  precautions  which  are 
necessary  in  the  chief  mining  engineer's  opinion  to  protect  the 
lives  of  miners. 

1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,"  provided  the 

following  footnote  aclcnow lodgment  is  used:  "Reprinted  from  the  U.  S. 
Bureau  of  Mines  Information  Circular  6557,"  ^  ; 

2  -  Chief  engineer,  safety  division,  U.  S.  Bureau  of  Mines, 

3  -  Associate  mining  and  metallurgical  engineer,  U.  S.  Bureau  of  Mines, 
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The  reason  for  inclusion  of  precautions  of  this  tyne  in  a  mine  saf-ety 
law  should  he  obvious,  hut  to  those  who  may  not  .understand  why,  it  is  only 
necessary  to  mention  the  fact  that  manj/’  lives  arid  much  property  have  been 
lost  when  fires  have  been  transmitted  from  surface  structures  to  under¬ 
ground  workings,  and  many  present-day  mines  have  conditions  such  that  a 
fire  in  surface  structures  would  be  likely  to  result  in  loss  of  life  and 
probably  of  property  in  the  mine.  As  the  efficacy  of  gunited  timbers  in 
shafts,  concretl-lined  shafts,  timbers  treated  with  zinc  chloride,  fire 
doors,  escapeways,  and  reversible  ventilation  to  restrict  or  stop  fires 
should  be  well  Imown,  these  precautions  will  be  discussed  briefly,  if  at  all; 
this  paper  covers  only  the  hazard  of  lighted  inflammable  surface  material  or 
structures  transmitting: fire  or  poisonous  gases  or  both  into  mine  openings, 
whether  they  be  shafts,  slopes,  drifts,  adits,  or  tunnels,  at  metal,  nonmetal, 
and  coal  mines. 


METAL  MINES 

Long  Wooden  Shed  Connecting  Surface  Shops  with  Tunnel  Mouth.  -  At  a  metal 
mine  at  a  high  altitude,  in  Colorado,  opened  by  a  long  tunnel,  safety  engineers 
of  the  United  States  Bureau  of  Mines  noted  a  long  shed  extending  from  the 
tunnel  mouth  to  the  carpenter,  machine,  and  electrical  repair  shops.  The 
greatest  hazard  at "this  property  appeared  to  be  that  of  fire;  if  one  started 
in  the  surface  shops,  smoke  would  be  drawn  throu^i  the  connecting  shed  into 
the  mine  because  the  tunnel  was  the  intake.  On  account  of  the  layout  of  the 

workings  the  smoke  probably  wopld  not  reach  the  workers,  yet  it  would  be  very 

likely  to  cut  off  escape.  A  second,  exit  could  have  been  arranged  at  fairly 
reasonable  cost,  as  there  were  several  connecting  shafts.  Numerous  other  pre¬ 
cautions  which  could  be. made  available  at  little  or  no  expense,  were  lacking. 
This  situation  is  by  no  means  unusual,  and  it  is  almost  a  miracle  that  acci¬ 
dents  from  fires  at  mine  openings  are  not  of  almost  daily  occurrence. 

Drift  Mouth  Houses  in  a  Log  Building  Burns.  -  A  fire  occurred  in  a  pros¬ 
pect  mine  in  a  western  State  about  8:30  a.m. on  January  17,  1931,  and  des¬ 
troyed  a  surface  building  at  the  drift  mouth,  burned  some  timber  in  the  drift 
mouth,  and  caused  some  caving  at  the  mine  opening. 

There  is  only  one  opening,  and  this  drift,  which  is  1,500  feet  long, 

branches  440  feet  from  the  surface,  and  another  drift  is  driven  500  feet  left 

of  the  main  drift.  The  mouth  of  the  drift  was. housed  in  by  a  log  building 
which  contained  a  corapressfor,  a  220-volt  generator,  and  a  gasoline  motor. 
Approximately  300  Electric  detonators  were  stored  in  this  building,  .An  8-inch 
zinc-coatod  pipe  extending' bo  within  20  feet  of  the  face  was  depended  upon  to 
provide  natural  ventilation.  The  other  end  of  the  pipe  was  connected  to  a  30- 
foot  chimney  outside  of  the  mine.  Compressed  air  provided  most  of  the  ventila¬ 
tion. 

While  three  men  were  in  the  mine,  reports  like  outside  blasts  were  heard. 
The  manager  started  to  investigate  and  encountered  .thick  smoke  about  400  feet 
from  the  drift  mouth.  The  men  broke  the  ventilating  pipe  outby  the  junction 
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of  the  tv;^o  drifts  and  stuffed  coats  in  it  to  prevent  air  circulation.  They 
then  retreated  several  hundred  feet  into  the  longer  drift  and  hy  so  doing 
saved  their  lives,  Tlie  building  burned  dovn,  and  then  the  men  were  rescued 
by  a  crew  frcm  an  adjoining  mine.  The  cause  of  the  fire  was  not  determined 
definitely,  but  there  is  no  question  that  much  inflammable  material  was  in 
the  surface  structures  which  were  inflammable  themselves  and  located  too 
close  to  the  mine  entrance.  Moreover,  in  this  case  there  was  but  one  exit 
and  there  was  no  one  in  attendance  at  the  surface  while  the  men  were  working 
in  the  mine. 

Wooden  Snowshed  Transmits  Fire  to  Adit  Opening.  -  At  a  western  metal 
mine  a  fire  of  undetermined  origin  started  in  the  surface  plant  10:15  a.m, 
one  day  in  July,  1930,  and  extended  into  the  mine.  I’ive  men  inside  were 
asphyxiated.  The  surface  buildings  consisted  of  a  compressor  house  and  a 
blacksmith  shop  about  25  feet  from  an  adit  opening;  these  buildings  were  con¬ 
nected  with  the  mine  by  a  wooden  snowshed.  A  similar  snov/shed  connected  the 
sluice  boxes  with  the  surface  structures.  An  explosives  vm^gasine  was  sit^jated 
about  75  feet  from  the  end  of  a  dump.  The  mine  is  o’yened  by  three  adits  in 
a  gravel  hillside  to  recover  gold.  The  top  adit,  which  is  the  present  mine, 
is  driven  level  for  about  1,128  feet.  About  765  feet  from  the  portal  a  dip 
slant,  90  feet  long,  connects  with  the  middle  adit,  which  was  the  supposed 
escapeway;  however,  as  is  frequently  the  case  in  mines,  but  especially  in 
small  mines,  it  was  impassable  at  the  time  of  the  fire.  The  cook,  wife  of 
one  of  the  deceased  men,  observed  the  fire  and  gave  warning  to  two  men  working 
in  the  lower  adit  near  its  portal  and  they  escaped.  The  surface  structures 
burned  quidcly  and  soon  the  fire  began  to  burn  the  timber  in  the  adit.  Two 
forest  rangers  with  the  two  workers  who  -escaped  and  two  fishermen  entered  the 
top  adit  and  extinguished  the  fire  in  the  timber  near  the  portal  at  ab'^ut 
12:45  p.m.  One  forest  ranger  placed  a  wet  blanlcet  around  his  head  and  entered 
the  relatively  thick  smoke  and  explored  the  top  axiit;  he  found  no  one  and  re¬ 
turned,  rather  confused.  After  waiting  until  the  smoke  cleared,  the  rescue 
party  entered  the  mine  and  found  the  five  men  together  in  the  lower  adit. 

They  had  been  traveling  with  the  smoke  and  had  proceeded  550  feet  before  they 
were  overcome.  The  fire  clearly  shows  the  desirability  of  providing  fire 
doors  at  the  entrance  of  mines  where  there  is  a  chance  that  fire  can  communi¬ 
cate  from  the  outside  to  the  inside.  This  was  another  instance  of  fire  start¬ 
ing  in  an  inflammable  surface  structure  near  the  opening  of  a  small  mine, 
where  no  one  was  in  attendance  at  the  surface  structure  while  men  were  working 
in  the  mine.  Supposedly  there  was  a  second  exit,  but  as  is  very  frequently  the 
case,  it  was  impassable.  If  these  men  had  known  how  to  barricade  themselves 
they  mi^it  have  saved  themselves, 

^.at  a  Burning  Headframe  did.  -  In  1928,  fire  broke  out  in  the  surface 
timber  yard  of  a  metal  mine  and  burned  the  old  wooden  headframe  and  at  the 
same  time  riined  the  new  steel  headframe  which  was  almost  completed.  The 
fire  was  probably  started  by  a  carelessly  thrown  match  or  cigarette  butt  and 
spread  rapidly;  there  was  little  time  to  warn  men  underground  by  telephone 
before  the  wires,  which  were  in  the  main  shaft,  were  burned  out.  Several 
sets  of  shaft  timbers  below  the  collar  were  charred,  and  it  is  probable 
that  the  shaft  was  saved  from  more  or  less  complete*  destruction  because  the 
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mine  had  a  fan.  By  'osing' the  reversing  feat-ore,  the  direction  of '  air  flow- 
in  the  shaft  was  changed  from  normal  downcast  to  upcast  shortly  after  the 
fire  -was  discovered.  In  all  prohahility  this  action  not  only  saved  the  shaft 
from  being  gat ted  hy  flame,  hut  also  prevented  the  approximately  125  -under¬ 
ground  employees  from  being  trapped  by  poisonous  gases  and  smoke;  the  men 
escaped  into  an  adjacent  mine.  [This  shaft  had  been  provided  with  a  fire  door 
near  the  surface  but  for  some  reason  the  doors  were  not  used,  probably  beca-use 
they  had  not  been  kept  in  condition  for  -use.  There  is  no  question  that  the 
lives  of  many,  if  not  all  of  these  undergro-und  workers  were  saved  by  two 
safety  features,  both  very  frequently  lacking  at  mines  and  especially  metal 
mines;  (l)  A.  mechanical  fan  so  installed  as  to  allcw  reversing  direction  of 
air  flow,  and  (2)  a  second  exit,  whether  that  exit  was  thro-ugh  an  adjoining 
property  or  (preferably)  in  the  mine  itself, 

Head-House  Fire  Endangers  Six  Men  Underground.  -  In  November,  1928,  a 
fire  in  the  head  ho-use,  which  included  the  blacksmith  shop  and  other  surface 
equi]x:ient,  as  well  as  the  gallows  frame,  soon  was  transmitted  to  the  shaft 
timbers  near  the  surface.  Hot  long  afterwards  falling  pieces  of  b-aming 
boards  and  timber  ignited  the  shaft  timbers  lower  in  the  mine.  A  surface 
worker  in  order  to  warn  the  six  persons  working  -underground  heroically  climbed 
down  the  laddsrway,  notified  the  foreman  some  h-undred  feet  below,  and  then 
forced  his  way  back  p.p  the  shaft  thro-u^  the  smoke.  Tlie  foreman  assembled  the 
men  and  -unable  to  go  throut^i  the  gases  and  smoke  in  the  shaft,  led  the  men  t<^ 
safety  thro-u^  some  old  workings  whose  existence  were  Icnowh  to  few,  if  any  one 
other  than  the  foreman.  Here  the  heroic  action  of  one  man  and  the  special 
knowledge  of  another  very  probably  saved  several  lives. 

COAL  MlilES 

Burning  Surface  Buildings  Ignite  Slope  Timbers.  -  Between  1:00  and  5:00 
a.m.  one  day  in  October,  1930,  a  fire  of  unknown  origin  consumed  the  surface 
buildings  at  a  coal  mine  in  the  middle  west.  The  fire  was  transmitted  to  the 
slope,  the  only  opening  to  the  mine,  and  resulted  in  the  death  of  three  men 
and  the  subsequent  death  of  one  other  man  (not  employed  in  mining)  -who  aided 
in  the  attempted  rescue  of  the  three  men  trapped  in  the  mine  -  two  machine 
men  and  a  hoistraan.  The  operation  was  a  small  wagon  mine  owned  cooperatively 
by  10  men  and  had  a  slope  driven  550  feet  on  a  pitch  of  25°  to  intersect  the 
coal  bed  with  entries  turned  right  and  left  near  the  foot  of  the  slope.  Venti¬ 
lation  was  by  a  small  motor-driven  fan  placed  near  the  slope  mouth;  a  wooden 
brattice  di-'/ided  the  slope  down  to  a  point  where  an  airway  was  driven  to  the 
left,  the  ret-um  being  up  the  slope  haulage  way.  The  fire  practically  destroyed 
the  brattice  as  well  as  the  timber  sets  for  about  30  feet  inby  the  slope  mouth, 
and  the  poisono-us  f-omes.  killed  the  three  men  trapped  beca'ose  of  the  fact  that 
the  only  opening  to  the  mine  was  on  fire.  This  is  another  recent  case,  this 
time  at  a  coal  mine,  where  a  fire  of  unlcnown  origin  started  in  an  inflammable 
surface  building  adjacent  to  a  mine  opening,  and  where  no  one  was  in  attendance 
at  the  s-urface,  the  hoistman  having  gone  into  the  mine,  presumably  to  assist 
with  the  -underground  work. 
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The  small  mine  emplo^^ing  fewer  than  10  men  is  usually  allowed  to  do 
essentially  nothing  to  safeguard  workers,  and  only  too  frequently  little  or 
nothing  is  done  hy  the  small  mine  to  insure  safety.  In  some  States  the  in¬ 
spection  force  is  given  no  jurisdiction  over  mines  unless  more  than  a  certain 
minimum  number  such  as  5,  6,  or  10  persons  are  emuloyed;  few  if  any  States 
have  a  sufficient  number  of  inspectors  to  allow  giving  adequate  attention  to 
the  safety  of  all  of  the  mines,  including  the  sniall  ones,  and  in  many  instances 
when  the  inspector  tries  to  enforce  reasonably  safety  regulations,  he  is  con¬ 
fronted  with  poverty  pleas  or  allegations  of  favoritism  for  the  large  operator, 
and. so  forth. 

gan  Forces  Flame  from  a  Burning  Fan  Housing  into  Air  Shaft.  -  At  a  coal 
mine  in  a  mid-western  State  fire  was  discovered  at  the  air  shaft  about  mid¬ 
night  one  night  in  1928.  The  main  force  fan  was  at  this  air  shaft,  and  there 
was  a  reserve  fan  at  the  main  shaft.  That  night  the  blades  of  the  fan  were 
heard  striking  against  the  sides  of  the  casing,  probably  because  of  the  over¬ 
heating  and  burning  out  of  bearings,  with  consequent  throwing  of  the  fan 
shafting  out  of  line;  flame  soon  was  seen  issuing  from  the  fan  house,  which 
was  constructed  of  inflammable  material.  The  ticlbering  in  the  air  shaft  burnet 
out  for  a  distance  of  about  40  feet  from  the  surface  and  burning  embers  fallin;' 
down  the  shaft  ignited  the  timber  and  coal  bed  at  the  foot  of  the  shaft  so  tha' 
the  mine  workings  were  filled  with  poisonous  smoke  and  gases.  Seals  were  built 
at  the  bottom  of  the  two  other  shafts.  Thirteen  days  later  the  debris  at  the 
foot  of  the  shaft  was  cleaned  out  and  work  continued  until  the  next  night, 
when  the  fire  rekindled;  the  shaft  was  again  sealed.  After  45  days  the  seals 
were  opened  and  mine  recovery  started.  This  fire  shows  the  hazard  of  not  en¬ 
closing  the  fan  and  fan  auproach  in  a  fireproof  str'.icture  and  indicates  the 
desirability  of  lining  shafts  with  fireproof  material.  Fortunately,  nobody 
except  the  company  was  injured  by  this  fire;  the  property  loss  was  heavy,  the 
cost  being  many  times  what  a  reasonably  safe  fan  installation  would  have  cost 
in  the  first  place. 

Another  Fan  Forces  Flame  into  a  Mine.  -  At  another  coal  mine  a  wooden  con¬ 
duit  on  the  surface  leading  from  a  fan  at  the  outcrop  of  a  lower  bed  to  worlcingi 
(58  feet  apart  vertically)  in  a  higher  coal  bed,  caught  fire  and  the  fire 
spread  into  the  mine.  The  property  is  near  the  summit  of  a  mountain  1,360  feet 
hi^,  and  the  topography  is  rugged  and  irregular,  A  44-inch  force  fan  worked 
inside  a  frame  building  near  the  mouth  of  the  air  course  of  the  lower  mine, 
and  a  frame  conduit,  6  by  6  by  115  feet,  extended  up  the  hillside  to  the  mouth 
of  the  air  course  of  mine  1,  which  was  in  the  upper  coal.  On  the  night  of  the 
fire,  five  men  were  working  in  the  upper  mine,  and  at  11:50  p.m,  the  fan  hoiise 
was  discovered  to  be  on  fire.  Efforts  to  stop  the  fan  were  futile;  it  con¬ 
tinued  to  blow  and  carry  flames  uu  the  wooden  conduit,  which  burned  fiercely, 
and  smoke  was  forced  into  the  mine.  Althou^  the  fan  motor  and  belt  eventually 
burned,  the  uudraft  continued  to  force  smoko  and  flame  into  the  air  course, 
which  was  burned  for  a  distance  of  150  feet.  The  attemuts  at  rescue  and  re¬ 
covery  were  extremely  difficult;  they  included  hauling  around  the  mountain  and 
installing  an  electric  fan;  surveying  in  the  darkness  with  the  aid  of  lamps 
and  driving  a  27-foot  manway  from  the  coal  outcrop  to  the  face  of  an  entry; 
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ventilation  of  the  workings;  discover;/  and  recovery  of  the  bodies;  hauling  an 
electric  pnmp  up  the  noimtain  and  erecting  it;  fighting  the  fire  with  water 
from  another  mine;  and  finally  extinguishing  the  fire  on  the  seventh  day. 

CONCIUSIOHS 

A  few  nertinent  conclusions  can  he  drawn  from  the  foregoing  examples  of 
surface  fires  which  transmitted  fire  or  smoke  to  mine  openings. 

1.  To  cause  heavy  loss  of  life  in  a  mine  it  is  not  necessary  for  a  fire 
which  starts  on  the  surface  to  ignite  the  whole  shaft,  slope,  drift,  or  adit; 
smoke  drawn  into  the  workings  may  he  enough  to  asohyxiate  everybody,  or  the 
fire  may  burn  only  a  few  sets  of  timber  at  the  entrance  and  so  produce  large 
vokomes  of  fumes  whidi  are  drawn  inside.  ITot  only  should  openings  to  all  mines 
be  fireproof,  at  least  for  some  distance  from  the  surface,  but  there  also  should 
be  a  suitable  fire  door  at  the  entrance  of  shan't,  inclined,  or  adit,  so  placed 
that,  if  necessary,  not  only  fire  but  also  fumes  of  any  kind  can  either  be 

kept  out  of  the  mine  or  sealed  and  retained  in  the  mine.  ’  - 

r 

2.  No  inflammable  structure  should  be  allowed  closer  than  within.  50  feet 
of  any  opening  of  any  mine,  and  no  inflammable  materials'  such  as  oil,  gasoline, 
exulosives,  etc.,  should  be  stored  or  stand,  even  temporarily,  within  50  feet 
of  any  mine  opening,  regardless  of  whether  the  s-iorrounding  structures  are  of 
fireproof  material, 

«  '  ' 

3.  Covered  passagewa3/s  from  change  houses  or  other  s\irface  structures  to 
shafts  or  drifts  are  desirable  in  a  cold  or  snowy  pliinate,  but  such  sheds 
should  be  of  fire-resistant  material  such"  as  li^t  steel  and  zinc-coated  corru- " 
gated  iron,  or  rough  lumber  well  guuited,  and  even  then  there  should  be  doors 

so  placed  that  fire  or  other  gases  from  the  s^orface  strijcture  can  be  kept  from 
going  into  the  mine.  Some  mines  Iiave  a  drift  at  shallow  depth  connecting  shafts 
with  change  houses  so  the  underground  men  need  not  be  ea^osed  to  surface  teraner- 
atures. 

4.  Every  mine  should  have  at  least  two  openings  which  would  act  as  escape- 
wavs  if  fire  should  start  at  the  collar  or  mouth  of  one  of  them.  These  possible 
wa;rs  of  escape  should  be  kept  at  all  times  so  that  men  in  ordinary  physical 
condition  can  travel  through  them  without  undue  exertion  or  delay.  In  other 
words,  they  should  at  all  times  be  maintained  as  escapeways  in  fact  as  well  as 
in  name, 

5.  The  surface  entrance  to  shafts  or  drifts  shoiold  be  safeguarded  in 
various  ways;  if  timbered,  they  should  be  gunited,  or  the  timber  before  being 
nlaced  should  be  treated  with  a  fire-retarding  it eservative,  or  steel  sets 
should  be  installed  as  fire  breaks,  or  some  timber  sets  should  be  removed  and 
the  rock  or  ground  gunited,  if  it  will  stand,  or  preferably  concreting  should 
be  done;  this  fireproofing  should  extend  into  the  mine'  at  least  50  feet  from 
the  surface  and,  if  feasible,  much  farther.  . 
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6.  If  a  mine  has  mechanical  ventilation  (and  all  mines,  coal  or  metal, 
should  have  mechanical  ventilation) ,  it  should  be  so  arranged  that  the  fan 
can  be  stopped  easily  or  the  air  current  quickly  reversed  if,  after  due  con¬ 
sideration  is  given  the  existing  conditions,  it  is  decided  to  be  the  correct 
procedure  to  do  either  of  these  things. 

7.  Fire  may  he  caused  by  carelessness,  which  includes  the  lack  of  safe¬ 
guarding  from  ignitions  by  electricity,  lighting,  smoking,  open  fire,  and  by 
many  unforeseen  means.  But  provision  should  be  made  at  every  mine,  large  or 
sm.all,  to  meet  an  outbreak  of  fire  from  any  source. 

8.  Fire-fighting  eq_uipment  and  men  who  understand  how  to  use  it  should 
be  distributed  so  as  to  be  available  at  suitable  and  strategic  points  on  the 
surface.  The  equipment  should  include  a  water  service  of  plugs,  hose,  nozzles, 
tuckets,  and  barrels,  fire  extinguishers,  and  sand.  Certain  men  should  be 
trained  in  fire-fighting  methods  and  given  regular  drill. 

9.  Surface  fire  hazards  at  or  near  mine  openings  should  be  kept  constantly 
in  mind  and  available  precautions  taken  as  soon  as  such  dangers  are  realized. 

The  small  mine  is  likely  to  be  the  worst  offender  in  allowing  dangerous  con¬ 
ditions  to  exist  near  mine  openings,  tut  the  larger  min^f’S,  especially  metal 
mines,  are  by  no  means  free  of  surface  fire  hazards. 


The  foregoing  information  has  been  compiled  from  reports  submitted  during 
a  period  of  years  by  engineers  of  the  United  States  Bureau  of  Mines. 
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DEPARTMIOT  OF  COMMEHCE  -  BUREAU  OF  MIliES 


THE  IMPORMCE  OF  DISCIPLIilE  IN  MINE  SAFETY^ 
Ey  D.  Harrington^. 


We  Americans  fondly  "believe  that  ours  is  the  greatest,  most  progressive 
and  most  civilized  country  in  the  world,  hut  the  cold  statistical  facts  re¬ 
veal  that  we  aiTparently  have  little  appreciation  for  the  lives  of  those  whose 
efforts  of  various  kinds  give  us  whatever  greatness  we  have.  The  latest 
available  statistics  indicate  that  the  annual  death  rate  per  100,000  persons'^ 
from  accidents  is  nearly  80,  or  far  higher  than  that  of  any  other  coTontry  in 
the  world;  it  is  more  than  double  the  rate  in  Denmark,  Belgium,  Netherlands, 
France,  Sweden,  Italy,  Ireland,  Germany,  Norway,  and  Austria;  it  is  practi¬ 
cally  double  the  rate  in  England  and  Wales  and  in  Japan,  and  is  from  25  to 
60  per  cent  higher  than  the  corresponding  rate  in  Scotland,  New  Zealand, 
Australia,  Switzerland,  and  Canada. 

And  added  to  this  is  the  fact  that  of  the  main  industries  of  the  United 
States  mining  has  by  far  the  worst  accident  record,  viewed  from  either  the 
frequency  or  the  severity  basis.  The  National  Safety  Council's  latest  figures 
for  27  of  the  country’s  main  industries  give  mining  the  highest  or  worst  acci¬ 
dent  frequency  rate,  74.43  in  1929;  meat  packing  comes  next  with  55.94,  and 
construction  third  with  50.41.  In  accident  severity  in  1929  raining  also  was 
the  worst  offender,  with  a  rate  of  9.99;  quarrying  is  second  with  6.11,  and 
construction  third  with  4.62. 

Metal  mining’s  freqiuency  rate  in  1929  was  52.16,  as  against  69.25  for 
bituminous  coal  mining,  99.68  for  anthracite  mining,  and  74.43  for  the  entire 
mining  industry;  accident  severity  for  metal  mining  in  1929  was  5.99,  as 
against  11.69  for  bituminous  coal  mining,  10.87  for  anthracite  mining,  and 
9.99  for  the  mining  industry  as  a  whole.  Althou^  this  figure  indicated  that 
metal  mining  is  on  a  much  safer  plane  than  either  bituminous  or  anthracite 
coal  mining,  the  frequency  rate  of  52.16  for  metal  raining  was  higher  in  1929 
than  the  frequency  rate  of  all  but  one  of  the  other  26  industries  about  which 
data  are  available;  the  metal  mining  severity  rate  of  5.99,  while  much  better 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6558." 

2  -  Chief  engineer,  safety  division,  U.  S.  Bureau  of  Mines. 
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than  that  of  coal  mining  (hituminous  or  anthracite),  was  higher  than  all  hut 
one  of  the  other  2S  industries  about  which  accident  data  are  available. 

Metal  mining's  safety  record  in  the  United  States,  in  addition  to  being 
by  no  means  as  bad  as  that  of  coal  mining,  has  the  encouraging  feature  that 
accident  rates,  especially  as  to  fatalities  in  metal  raining,  are  being  stead¬ 
ily  and  very  definitely  reduced  as  the  years  go  past,  though  unf orttinately 
this  is  not  true  of  coal  raining.  The  fatality  rate  in  metal  mining  per 
thousand  300-day  workers  was  4.01  for  the  5  years  1911-1915,  5.70  for  the  5 
years  1916-1920,  3.23  for  the  5  years  1921-1925,  3.47  for  1926,  3.10  for  1927, 

2.50  for  1928,  and  3.03  for  1929.  This  shows  a  reduction  of  about  37-g-  per 
cent  in  fatalities  from  the  1911-1915  rate  to  that  of  1928,  and  of  about  26 
per  cent  from  the  1911-1915  rate  to  that  of  1929.  Tlie  rates  of  similar  nature 
and  periods  involving  nonfatal  accidents  in  metal  mining  are  not  so  favorable, 
the  metal  mining  rate  of  nonfatal  accidents  per  thousand  300-day  workers  being 
198.22  for  the  5-year  period  1911-1915,  and  245.01  for  1926,  221.54  for  1927, 

205.61  for  1928,  and  200.11  for  1929;  probably  some  of  the  increase  in  the 
nonfatal  rate  in  metal  mining  is  due  to  better  and  more  complete  methods  of 
keeping  and  forwarding  accident  records  during  the  later  years. 

With  regard  to  metal  mining  in  the  Lalce  Superior  region,  the  ores  yield 
cop'oer  and  iron.  Copper  mining  is  restricted  to  Michigan,  which  produces 
7,000,000  to  8,000,000  tons  of  ore  yearly.  The  workings  are  deep  -  some  of 
them  more  than  5,000  feet.  Iron  raining  is  done  in  Michigan,  Minnesota,  and 
Wisconsin,  which  produced  16,800,000,  46,500,000,  and  1,800,000  tons, 
respectively,  in  1929.  The  workings  are  underground  and  open-pit  in  Michigan 
and  Minnesota,  and  underground  only  in  Wisconsin. 

In  1929  Michigan  employed  4,426  men  in  its  copper  mines  and  2,364  on 'the 
surface,  a  total  of  6,790.  Of  these,  16  were  killed  underground  and  two  on 
the  surface,  while  1,804  were  injured  inside  and  251  outside.  At  its  iron 
mines  8,835  were  employed,  5,874  underground,  2,572  on  the  surface,  and  389 
in  open  nits.  Of  these,  19  were  killed  underground;'  393  were  injured  under¬ 
ground,  49  on  the  surface,  and  8  in  open  pits. 

Minnesota  employed  3,926  underground,  1,725  on  the  surface,  and  4,855  in 
open  pits,  a  total  of  10,506,  Of  these,  11  were  killed  inside,  two  on  the 
surface,  and  16  in  open  pits;  and  374,  57,  and  271  were  injured,  respectively, 
in  the  same  workings. 

Wisconsin  had  682  undergroxind  and  331  on  the  surface,  a  total  of  1,013. 

Of  these,  two  were  killed  and  23  injured  inside,  and  two  injured  on  the  surface. 

As  to  the  period  1911-1929,  Michigan  metal  mines  killed  1,399  and  injured 
10,919;  Minnesota,  891  and  52,481;  Wisconsin  139  and  9,061.  The  total  for  the 
Lake  Superior  region  then  is  2,429  killed  and  162,461  injured  in  19  years;  but 
there  has  been  a  large  and  encouraging  decrease  in  recent  years  in  both  fatali¬ 
ties  and  injuries.  One  fact  shown  by  these  figures  is  the  relative  safety  of  ( 

open-pit  operations. 
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There  is  no  question  tliat  present-day  thought  is  veering  strongly  toward 
the  prevention  of  accidents  in  all  walks  of  life,  including  that  of  industry; 
and  the  more  the  subject  of  safety  is  carefully  considered  and  analyzed,  the 
more  definite  is  it  established  that  safe  methods,  safe  practices,  safe  equip¬ 
ment,  etc.,  are  advantageous  to  employer,  employee,  and  the  general  public — 
not  only  from  the  altruistic  point  of  view,  but  also  from  the  more  cold¬ 
blooded  but  much  more  practical  one  of  dollars  and  cents.  Compensation  laws 
are  becoming  more  and  yet  more  liberal  to  the  injured  or  his  dependents.  This 
is  as  it  should  be,  as  there  is  no  question  that  life  and  limb  are  about  the 
most  valued  possessions  of  human  beings.  And  there  is  absolutely  no  doubt  now 
that  the  financial  or  pecuniary  cost  of  industria"'  accidents  is  hea-vy  and  that 
it  must  be  borne  at  least  temnorarily  by  the  ind-ostry  with,  in  many  cases,  the 
ultimate  placing  of  the  burden  upon  the  consumer.  In  some  forms  of  industry — 
and  some  kinds  of  mining  may  be  included  in  this — it  is  difficult,  in  fact  al¬ 
most  impossible,  to  pass  this  burden  from  the  Industry  to  the  consumer;  in 
that  case  about  the  only  protection  afforded  the  industry  is  that  of  preven¬ 
tion  of  accidents,  and  this  will,  of  course,  at  least  in  large  part,  take  care 
of  the  now  important  item  of  compensation  of  various  kinds  for  industrial  in¬ 
juries.  That  cost  of  accidents  is  of  importance  in  raining  may  be  inferred 
from  the  present  thought  that  the  direct  and  indirect  cost  of  accidents  con¬ 
stitutes  10  to  15  per  cent  of  the  total  cost  to  the  mine  operator  of  putting 
coal  on  the  railroad  cars  at  the  mine;  sitailar  figures  for  metal  mining  are 
not  available.  Inasmuch  as  exuert  opinion  on  safety  in  industry  now  almost 
unanimously  agrees  that  industrial  safety  is  almost  wholly  a  function  of  the 
attitude  of  the  industrial  operating  officials,  it  is  apparent  tliat  due  to 
failure  of  those  in  charge  of  the  coal  mining  to  do  their  duty  in  the  curbing 
of  accidents,  the  industry  is  suffering  an  unnecessary  tax  to  the  amount  of 
10  or  more  ner  cent  of  the  cost  of  production;  and  there  is  no  q'uestion  that 
this  condition  applies,  possibly  to  a  somewhat  less  extent,  to  metal  mining. 
Since  there  are  relatively  few  mines,  coal  or  metal,  in  the  United  States 
nov7  making  a  profit  of  10  or  more  per  cent — thou^  many  are  about  "breaking 
even,"  and  many  others  are  losing  as  little  as  5  per  cent — it  is  apparent 
that  curtailment  in  the  occurrence,  hence  also  in  the  cost  of  accidents,  may 
well  in  many  cases  result  in  a  black  rather  than  a  red  balance;  and  when  it 
is  realized  that  those  in  cliarge  of  our  raining  organizations  have  within 
their  own  power  the  curtailment,  in  fact,  almost  the  elimination,  of  accidents, 
with  simultaneous  curtailment  of  the  cost  of  accidents  and  in  some  instances 
with  resultant  actual  speeding  of  output  and  of  efficiency  as  a  result  of 
prosecuting  the  accident  prevention  work,  it  is  manifestly  time  for  our  mine 
operators  to  "walce  un"  to  the  possibilities  of  personally  and  effectively 
directed  accident  prevention  work. 

Uith  the  placing  of  much,  and  in  many  instances  of  practically  all,  of 
the  burden  of  the  expense  of  mine  accidents  on  the  shoulders  of  the  mine 
operator  by  compensation  laws,  and  also  with  the  fact  that  the  problem  of 
protecting  the  life  and  limb  of  workers  is  now  by  public  opinion  largely  if 
not  wholly  placed  on  each  industry  (and  present-day  thought  strongly  supports 
the  justice  of  both  of  these  propositions),  industrial  organizations  are 
being  forced  into  accident  prevention  work  not  only  to  protect  the  companies 
but  also  the  executives,  who  are  engaging  in  this  work  to  protect  themselves 
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personally.  The  functions  of  the  industrial  executives  in  accident  preven¬ 
tion  work  are  becoming  numerous  and  comnlex;  if  they  are  logical  in  their 
powers  of  reasoning,  the  executives  quickly  see  that  before  the  company  can 
consistently  ask  or  expect  the  workers  to  heed  the  safety  suggestions  of  the 
company  officials,  the  company  and  its  officials  must  themselves  "put  their 
house  in  order"  by  laying  down  a  concrete  definite  safety  program;  for  mines 
this  includes  primarily  the  adoption  of  a  logical  method  of  mining,  the  in¬ 
stallation  of  safe  mining  equipment  and  practices,  the  setting  forth  in 
definite  form  (preferably  in  a  rr  inted  pamphlet)  the  company’s  minimum  safety 
requirements,  and  the  organization  of  its  operating  officials  into  an  acci¬ 
dent-prevention  body.  After  the  comioany  has  its  own  affairs  so  arranged  that 
it  can  go  to  its  workers  with  "clean  hands"  in  the  forwarding  of  a  safety 
program,  tho  real  work  begins;  and  this  is  especially  the  case  in  mining. 

^Notwithstanding  the  very  general  opinion  that  the  miner,  and  especially 
the  old-time  miner,  is  the  most  competent  person  to  determine  what  should  be 
done  to  protect  his  life  and  limbs,  there  is  no  question  that  the  numerous 
fallacies  in  this  more  or  less  universal  belief  are  largely  responsible  for 
much  if  not  most  of  the  accidents  in  our  mines,  as  well  as  for  the  idea  that 
mining  is  inherently  dangerous  and  that  so  long  as  mining  is  done  not  only 
accidents  but  many  of  them  must  occur  and  in  general  they  must  be  severe  in 
their  effect.  The  miner  Is  usually  of  limited  education  and  of  equally  limited 
"breadth  of  vision"  as  he  reads  little  or  no  mining  technical  literature  and 
attends  few  if  any  meetings  of  mining  men;  his  knowledge  is  usually  only  what 
he  has  been  able  to  acquire  through  his  own  far  from  extensive  personal  exper¬ 
ience,  and  even  the  full  effect  of  this  is  marred  through  his  lack  of  ability 
to  interpret  the  data  available  to  him  through  that  experience.  Hot  only  is 
the  miner's  fund  of  mining  information  by  no  meeins  great,  but  usually  the 
lack  of  breadth  of  knowledge  of  safe  and  efficient  mining  is  further  handi¬ 
capped  by  his  being  unduly  opinionated,  an  affliction  far  too  prevalent  among 
miners  and  one  which  causes  them  and  their  employers  much  grief,  personal, 
physical  and  financial.  Tliese  and  numerous  other  more  or  less  correlated  con¬ 
ditions  have  fairly  well  convinced  thoughtful  mine  safety  men  that  while  the 
mine  operator  should  be  held  largely  (almost  wholly)  responsible  for  safety 
conditions  and  results  in  and  around  mines,  the  operator  should  have  a  free 
hand  to  bring  about  that  maximum  safety,  the  best  agencies  he  will  have  avail¬ 
able  being  ample  efficient  supervision  and  drastic  but  just  discipline.  The 
supervision  should  be  of  such  nature  that  a  competent  supervisory  mining 
official  should  be  in  personal  contact  with  every  mine  worker  at  his  working 
place  several  times  per  day  to  make  certain  that  the  worker  does  not  "take 
chances,"  probably  the  worst  besetting  sin  of  mine  workers  as  a  class;  and 
the  mine  officials  should  have  full  power  to  visit  disciplinary  measures  on 
workmen  who  are  slow  to  carry  suggestions  into  effect,  or  who  refuse  point 
blanlc  to  obey  suggestions  or  orders  in  connection  with  safety. 

Discipline  is  defined  in  a  recently  published  dictionary  as  "development 
of  the  faculties  by  instruction  and  exercise";  or  it  is  "training  whether 
physical,  mental,  or  moral";  or  it  is  "training  to  act  in  accordance  with 
established  rules";  or  it  is  "the  subject  matter  of  instruction";  and  one  ( 

definition  is  "education."  Aqq  of  the  above  are  descriptive  of  the  type  of 
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"discipline"  which  should  he  used  very  generally  hy  mine  officials  in  'tri'n.ng 
to  achieve  safety  in  mining;  and  the  more  usual  and  hy  no  means  as  effective 
definition,  "submission  to  order  and  chastisement  inflicted  hy  way  of  correct¬ 
ing  and  training,"  should  he  used  only  in  very  exceptional  instances. 

The  discipline  that  should  he  used  when  the  supervisors  find  some  dangerov 
condition  or  practice  is  that  of  education,  and  oddlj’"  enough  the  dictionary 
says  that  the  word  "discipline"  comes  from  a  Latin  word  meaning  "learn"  as  well 
as  from  another  Latin  word  meaning  "teach";  im  other  words,  in  using  discipline- 
the  mine  official  who  uses  it  logically  should  have  learned  before  he  tries  to 
teach.  This  "learning"  is  a  prerequisite  of  supervisory  officials  if  they  are 
to  get  anywhere  in  helping  the  mines  as  well  as  the  workers  to  prevent  accident 
The  day  of  the  hard-boiled  metal-mine  boss  whose  main,  and  in  many  cases  almos 
onlj’’,  motto  was  "rock  in  the  box,"  whose  favorite  method  of  getting  maximum 
quantity  of  rock  supposedly  with  minimum  cost  was  through  his  burly  fist  or 
through  threat  of  the  time  check,  and  who  boasted  that  he  had  no  "book  larnin" 
is  long  since  past  in  practicall:/  all  mining  organizations  which  are  getting 
good  results  in  mine  safety  and  which  can  expect  to  endure  in  the  present 
struggle  of  the  survival  of  the  fittest.  The  successful  mine  official  of  the 
future  who  supervises  mines  or  parts  of  mines  and  who  exercises  discipline  is 
one,who  is  sufficiently  intelligent  and  well  educated  to  learn  not  only  from 
his  own  experience  bat  to  draw  freely  upon  the  ideas  and  experiences  of  others 
in  his  own  community  and  also  throu^out  the  entire  raining  and  industrial 
world;  hence  he  must  read  and  must  assimilate  at  least  part  of  what  he  reads, 
and  in  addition  he  must  be  able  to  impart  his  ideas  and  the  information  he  has 
gleaned  from  other  mining  men  to  those  under  his  supervision;  he  most  act  as  a 
teacher  or  educator,  and  in  this  his  best  weapon  will  be  patience  and  kindly 
perseverance  rather  than  the  club  of  threats,  fists,  or  the  time  check  used  by 
the  militant  mine  boss  of  the  not  very  far  distant  past. 

Some  relatively  few  workers  will  unquestionably  resist  even  the  best 
efforts  of  the  supervisor  to  convey  to  them  u'>-to-date  ideas  and  methods  in 
mining;  for  these  the  old-time  tyoe  of  discipline  must  be  invoked.  If  kindly 
advice  or  instructions  in  connection  with  safety  are  rejected  by  the  worker, 
there  should  be  no  hesitancy  in  using  the  type  of  discipline  to  which  the  mine 
management  is  agreed.  Some  mines  give  a  warning  for  first  offense  in  the  trans 
gressing  of  safety  rules  or  practice  after  the  worker  has  been  instructed  in 
the  right  way  and  fails  to  follow  it;  a  second  offense  usually  causes  a  lay-of- 
of  about  a  week  or  even  more,  and  a  third  offense,  discharge*  In  some  organi¬ 
zations  the  local  supervisor  does  not  have  the  right  of  discharge  but  must 
refer  the  offender  to  the  personnel  department  or  to  some  higher  official,  and 
employment  may  be  continued  under  another  boss;  this  plan  works  sometimes,  as 
personalities  are  likely  to  enter  into  the  relations  between  worker  and  super¬ 
visor  and  a  change  of  boss  or  possibly  a  change  of  occupation  or  of  working 
place  brings  about  harmony.  However,  when  the  supervisor  feels  that  the  worker 
is  deliberately  disobeying  safety  rules  or  practice,  or  is  so  careless  as  to 
endanger  his  life  or  the  lives  of  others,  he  should  act  promptly  and  firmly, 
as  there  is  no  question  that  some  workers  must  be  compelled  to  work  safely  or 
they  will  not  do  it  at  all,  and  it  is  far  better  to  use  even  harsh  disciplinary 
methods  than  to  cause  accidents  due  to  laxness  in  the*  enforcement  of  safety 
rules  or  practices. 
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B&low  are  some  suggestions  for  organizing  the  supervisory  force  so  as 
to  maintain  the  type  of  discipline  to  which  reference  is  made  in  this  paperi 

1.  Every  mine,  large  or  small,  should  have  a  definite  actively  and 
constantly  functioning  safety  organization,  preferably  with  the  operating 
head  of  the  comuany  or  the  mine  taking  personal  lead  at  the  meetings  and  with 
active  participation  of  all  tosses  and,  if  possible,  with  active  participation 
by  all  surface  and  underground  workers  or  by  committees  from  them. 

One  of  the  functions  of  the  safety  organization  should  be  to  have  some 
person  or  persons  designated  to  investigate  and  report  on  all  accidents, 
trivial  or  otherwise,  and  in  every  case  the  caiiso  should  be  determined  if 
possible  and  the  data  from  these  investigations  and  reports  used  to  try  to 
prevent  other  accidents  or  repetition  of  those  which  have  occurred.  United 
States  Bureau  of  Mines  Information  Circular  6066  gives  suggestions  as  to  the 
data  to  be  embodied  in  the  reports  on  accidents;  Information  Circular  6045 
gives  some  hints  as  to  the  formation  of  safety  organization  for  coal  mines 
and  much  of  the  data  are  readily  applicable  to  metal  mines;  also  data  on  metal 
mine  safety  organizations  are  available  in  United  States  Bureau  of  Mines 
Technical  Papers  229  and  452  and  in  Information  Circular  6351. 

2.  Every  mining  comnany,  large  or  small,  should  educate  its  workers, 
including  the  bosses,  in  safe  and  efficient  mining  practices  and  methods. 

One  of  the  fallacies  which  probably  more  than  any  other  has  contributed  to 
the  present  unsafety  of  mining  is  the  almost  universally  prevalent  idea  of 
raining  men  that  the  miner  of  long  experience  knows  how  to  protect  himself. 

The  cold  facts  are  that  the  usual  oldtime,  miner  reads  practically  nothing  on 
safety  or  efficiency  in  raining,  and  hence  knows  little  or  nothing  but  what 
he  himself  has  seen  or  what  he  has  learned  from  some  equally  poorly  informed 
miner  or  boss  who  has  just  emerged  from  the  ranks  of  the  miners.  United  States 
Bureau  of  Mines  Circular  of  Information  6054  gives  some  hints  as  to  methods 
used  by  the  Phelps  Dodge  Corporation  in  its  New  Mexico  coal  mines  in  educating 
its  miners,  and  the  data  are  largely  applicable  to  metal  mining,  as  the  same 
corauany  has  used  essentially  similar  methods  in  its  metal  mines  with  marked 
success  in  accident  reduction  as  well  as  in  promoting  increased  output  and 
decreased  cost  of  output.  The  safety  division  of  the  United  States  Bureau  of 
Mines  has  established  a  list  of  mining  people,  chiefly  bosses,  to  whom  mimeo¬ 
graphed  safety  literature  is  forwarded  as  issued;  those  who  wish  to  receive 
this  safety  lite;rature  can  do  so  by  applying  to  the  Safety  Division,  U.  S. 

Bureau  of  Mines,  Washington,  D.  C.  ^Hiring  the  fiscal  year  ending  June  30, 

1930,  61  pamphlets  on  various  phases  of  safety  work  in  the  raining  and  allied 
industries  were  issued  by  the  United  States  Bureau  of  Mines. 

3.  There  should  be  a  supervisory  official  or  boss  for  about  4very  25 

men,  always  on  the  job  during  the  shift  to  oversee  the  work  and  to  protect 
tVie  interests  of  the  company  as  well  as  the  safety  of  the  employees.  This 
is  not  an  additional  cost  to  the  company,  as  definite  experience  in  many 
parts  of  the  country  in  practically  all  kinds  of  mines  shows  that  if  the 
supervisory  official  or  boss  is  properly  trained  in  his  work,  both  as  to  \ 

safety  and  efficiency,  he  can  much  more  than  save  the  amount  of  his  wages. 
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Since  there  are  at  least  25  and  in  some  cases  100  or  more  mine  workers 
for  everj'-  supervisory  official,  it  is  manifestly  much  easier  to  give  safety 
education  to  the  officials  and  have  them  transmit  the  information  to  the 
other  workers  than  to  try  to  reach  the  entire  working  force  directly.  Here 
is  where  intensive  supervision  and  discipline  come  in  -  and  hy  discipline  is 
meant  not  the  utilization  of  "hard-hoi led"  methods  of  handling  men  hut 
rather  the  establishment  of  common-sense,  up-to-date  reg-ulations,  seeing 
that  they  are  transmitted  to  the  men  and  finally  insisting  that  these  regula¬ 
tions  he  obeyed  and  \7ithout  reservation  or  delay.  United  States  Bureau  of 
Mines  Information  Circular  6194  ha.s  suggestio'is  on  safety  as  affected  hy  super¬ 
vision  and  discipline,  and  Information  Circular  6211  also  has  information 
pertinent  to  this  topic. 

4.  Every  mine  should  have  in  printed  form  and  preferably  in  a  small 
pamphlet  which  may  he  kept  in  the  pocket  its  minimum  safety  (and  possibly 
efficiency)  requirements,  with  arrangements  for  alterations,  additions,  etc., 
to  the  data  in  the  pamphlet  from  time  to  time.  These  rules  or  regulations 
should  he  specific,  should  conform  to  the  State  law  hut  should  go  far  beyond 
the  requirements  of  the  State  law  (as  no  State  has  mine  safety  laws  or  regula¬ 
tions  which  are  anything  like  up-to-date  or  adequate)  and  everY  employee 
should  he  compelled  to  keep  thoroughly  familiar  with  these  requirements,  many 
progressive  companies  causing  employees  to  he  examined  from  time  to  time  as 

to  the  safety  rules  and  regulations.  Every  employee  (including  bosses  as 
well  as  other  workers)  is  entitled  to  have  definite  information  as  to  the 
minimum  safety  requirements  of  the  comoany,  and  the  best-known  method  of  con¬ 
veying  this  informa.tion  and  of  keeping  a  cent  inuing  permanent  record  of  it  is 
hy  means  of  printed  (pamphlet)  rules  or  regulations.  Hundreds  of  up-to-date 
mining  companies  issue  rules  in  pamphlet  form,  some  of  these  companies  being 
the  Phelps  Dodge  Corporation,  Tlie  Cleveland  Cliffs  Iron  Co.,  the  Sloss  Shef¬ 
field  Steel  &  Iron  Co.,  Tennessee  Coal  Iron  &  Railroad  Co.,  United  Verde  Copper 
Co.,  Woodward  Iron  Co.,  and  Alabama  Fuel  &  Iron  Co. 

5.  An  excellent  method  used  hy  some  mining  companies  to  keep  employees 
informed  about  safety  and  other  requirements  or  developments  is  that  of  ad¬ 
dressing  to  every  employee  from  time  to  time  mimeographed  or  multigraphed 
letters  signed  hy  the  president  or  general  manager  or  other  high  official.  In 
some  cases  these  letters  are  sent  to  the  home  of  the  worker,  in  other  cases 
they  are  delivered  to  him  at  his  working  place;  this  is  far  more  effective 
than  the  posting  of  typewritten  letters.  Several  companies  using  this  system 
have  had  very  good  safety  records;  however,  there  were  also  other  safety  methods 
used  in  addition  to  the  sending  of  the  safety  letters.  Those  interested  in 
this  form  of  safety  work  can  secure  more  information  about  it  in  United  States 
Bureau  of  Mines  Circular  of  Information  6101. 

6.  Tlie  field  force  of  State  or  county  inspectors  of  metal  mines  should 
he  available  for  the  forwarding  of  an  intensive  and  continuing  safety  campaign 
in  metal  mines,  hut  as  a  prerequisite  these  men  should  he  authorized  to  attend 
safety  meetings  both  within  and  outside  of  the  State,  such  as  those  of  the 
National  Safety  Coiuncil.  In  addition,  they  should  he  supplied  with  membership 
in  the  National  Safety  Council  or  other  similar  organizations  to  have  available 
up-to-date  data  on  safety  in  mining. 


-  7  - 


10199 


I.C.  6558 


7.  One  of  the  cheapest,  easiest,  and  at  the  same  time  one  of  the  most 
effective  methods  of  "bringing  saf ety-raindedness  to  the  mining  personnel, 
officials  as  well  as  miners,  is  the  giving  of  training  in  first  aid  to  the 
injured  to  the  entire  personnel.  This  training  work  does  not  reach  anything 
like  its  full  effectiveness  unless  every  person  above  and  helow  ground  takes 
it.  In  the  tast,  or  un  to  about  1926,  first-aid  training  was  given  to  but  a 
relatively  few  persons  at  any  one  raining  plant,  and  this  system  was  fully  as 
ineffective  as  if  but  5  or  10  persons  out  of  every  100  in  underground  mining 
were  to  know  how  to  protect  themselves  from  falling  rock  or  from  haulage, 
explosives,  and  other  types  of  dangers.  With  the  entire  personnel  kept 
trained  in  first  aid,  the  training  becomes  valuable  in  preventing  accidents 
in  addition  to  helping  to  minimize  their  ill  effects  if  they  should  occur. 

The  training  of  100  per  c'^nt  of  the  personnel  of  mining  plants  was  started 
on  a  fairly  large  scale  in  1925,  the  companies  suuplying  aid  of  some  of  their 
employees  to  the  United  States  Bureau  of  Mines  forces  to  carry  the  training 
through  the  entire  personnel,  in  some  instances  as  many  as  5,000  being  trained 
at  one  plant.  The  results  are  now  being  made , apparent 5  One  raining  company 
with  about  2,500  men  trained  was  able  the  first  year  after  tho  work  was  done 
to  complete  for  the  first  time  in  its  history  a  full  year  without  a  fatality, 
the  best  previous  record  for  any  year  being  eight  fatalities;  one  company  having 
mines  with  the  training  and  others  without  it,  reports  that  the  accident  fre¬ 
quency  of  the  untrained  men  is  eight  times  as  great  as  those  who  have  had  the 
training;  other  commnies  rouort  this  rate  as  4  or  5  to  1.  This  work  is 
available  essentially  without  cost  to  every  metal  mine,  and  data  as  to  methods, 
results,  etc.,  are  given  in  United  States  Bureau  of  Mines  Circulars  6020  and 
6217.  The  training  can  be  done  partly  b:/  the  United  States  B-areau  of  Mines 
uersonnel,  and  there  is  no  good  reason  why  members  of  the  State  and  county 
inspection  forces  and  "live  wires"  in  the  mine  personnel  should  not  aid  in 
quickly  making  the  entire  metal  mining  personnel  of  the  United  States  trained 
100  per  cent  in  methods  of  giving  first  aid  to  the  injured. 

8.  To  stimulate  safety  in  mining,  safety  contests  between  mines  or  de¬ 
partments  of  mines  are  used  to  advantage.  Also  the  giving  of  salary  or  other 
type  of  bonus  to  bosses  whose  porsonnol  achieve  or  excel  predetermined  safety 
accomplishments  is  productive  of  much  good.  United  States  Bureau  of  Mines 
Report  of  Investigations  2617  gives  data  on  bonus  systems.  Some  companies 
give  recognition  to  individual  workers  who  work  stated  periods  such  as  3  months, 
3  months,  a  year  or  longer  without  lost-time  accidents;  one  company  gives  a 
copuer  button  for  3  months  work  without  a  lost-time  accident,  a  silver  button 
for  6  months,  and  gold  button  for  a  year  without  a  lost- time  accident.  The 
giving  of  some  sort  of  reward  for  safety  performances  is  very  much  worth 

while  and  this  is  particularly  the  case  where  there  are  in  force  penalties 
for  infraction  of  safety  rules, 

9.  Every  raining  company,  large  or  small,  owes  it  to  itself,  to  its 
employees,  and  in  a  large  measure  to  the  public  that  all  prospective  employees 
shall  be  given  a  rigid  physical  examination  before  being  employed,  as  woll  as 
at  intervals  of  not  to  exceed  a  year  during  employment,  Ti/hile  mining  can  be 
made  relatively  safe,  it  is  futile  to  deny  that  it  is  a  strenuous  calling; 
and  persons  with  defective  hearing,  eyesight,  respiration,  and  heart 
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should  not  he  employed  in  mines,  for  they  are  a  menace  to  themselves  as  vrell 
as  to  their  co-workers.  It  is  far  more  unjust  to  employ  a  physically  defec¬ 
tive  person  and  prohahly  cause  him  to  acquire  further  and  more  serious 
physical  deficiencies  or  possibly  to  die  in  a  mime  or  to  cause  his  co-workers 
to  be  killed  or  injured,  than  it  would  be  to  refuse  him  employment  upon  learn¬ 
ing  of  the  defect  or  even  to  relieve  him  of  employment  upon  his  becoming 
physically  defective  to  such  an  extent  that  he  endangers  himself  or  others. 
There  is  no  question  that  if  more  care  were  taken  in  hiring  mine  employees 
(bosses  as  well  as  the  other  workers)  and  in  their  instruction  upon  em"loyraent 
and  afterwards,  not  only  safety  but  also  efficiency  in  mining  would  be  mater¬ 
ially  increased, 

10.  Metal  mines  have  been  fortunate  in  having  avoided  many  fire  disasters 
The  word  ’’fortunate'’  is  used  advisedly,  because  the  avoidance  has  been  due 
more  to  good  luck  than  to  any  considerable  amount  of  effort  on  the  part  of  the 
mining  companies,  this  being  largely  because  metal  mining  people  in  general 
are  far  too  generally  of  the  opinion  that  mines  producing  gold,  silver,  copper, 
lead,  iron,  and  similar  materials  have  no  fire  hazard.  As  a  matter  of  fact, 
there  is  probably  not  a  single  mine  in  the  United  States,  metal  or  coal,  which 
hasn’t  very  definite  fire  hazards;  practically  all  metal  mines  use  ’’powder,” 
fuse,  timber,  and  probably  other  combustibles,  all  use  open  lights,  and  all 

or  practically  all  allow  smoking;  many  use  electricity  for  pumping  or  ventila¬ 
tion  or  haulage  or  other  purpose.  Hence,  there  are  almost  universally  in  metal 
mines  the  very  dangerous  combination  of  combustible  material  and  flame;  and 
very  little  burning  timber  or  burning  explosive  can  readily  produce  sufficient 
poisonous  or  asphyxiating  gases  to  kill  hundreds  of  persons.  Every  metal  mine 
should  recogni'^e  the  hazard  of  fire  either  in  the  mine  or  in  the  flimsy  timber 
surface  structures  found  so  generally  at  or  around  the  mine  opening;  and  every 
mine  should  have  a  fire  prevention  and  fire  fighting  plan.  The  subject  is 
far  too  extensive  to  discuss  in  detail  here,  but  much  information  about  metal 
mine  fires  may  be  secured  in  United  States  Bureau  of  Mines  Bulletins  75,  188, 

and  204,  Technical  Papers  251,  314,  and  363,  and  Information  Circulars  6073  and 
6557. 

11.  The  ever-increasing  use  of  electricity,  in  mining  introduces  many  new 
and  serious  hazards  such  as  the  initiation  of  fires  and  accidents  from  contact 
of  persons  with  charged  electrical  installations  of  various  kinds.  Utmost 
care  should  be  tal.en  in  the  purchasing,  installation,  use,  and  maintenance  of 
all  electrical  equipment  or  devices  in  or  around  mines.  At  least  as  frequently 
as  once  every  month  a  competent  electrician  should  make  a  rigid  inspection 

and  a  written  report  of  the  condition  of  all  electrical  wiring,  machinery, 
etc.,  in  or  around  eveiy.’’  mine  and  prompt  action  sho\ild  be  taken  to  follow  his 
sijggestions  in  keeping  such  installations  in  safe  condition  at  all  times. 

United  States  Bureau  of  Mines  Information  Circulars  6037,  6046,  60^,  6068, 
6098,  6100,  and  6318  give  data  concerning  safety  in  the  use  of  electricity 
in  mining. 


12.  Explosives  accidents  continue  to  occur  far  too  frequently  in  metal 
mines,  and  there  should  be  the  greatest  care  in  the  choice  of  explosives  used 
and  in  the  storage,  transportation,  charging,  and  firing  of  explosives;  only 
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such  explosive  and  explosives  appurtenances  as  are  of  the  safest  types  should 
he  used.  In  general,  electrical  blasting  is  much  safer  than  blasting  by  fuse, 
but  electrical  blasting  is  by  no  means  "foolproof."  If  at  all  feasible,  blast¬ 
ing  should  be  done  only  at  the  end  of  the  shift,  or  ^ssibly  by  shot  firers 
after  the  general  shift  has  left  the  mine.  Hints  on  up-to-date  blasting  are 
to  be  found  in  United  States  Bureau  of  Mines  Bulletins  287  and  311,  Reports 
of  Investigations  2147,  2156,  2789  and  2790,  Technical  Paper  400,  and  Infbrmation 
Circulars  6043,  6056,  and  6189. 

13,  Many  mining  companies  are  now  malcing  remarkable  progress  in  accident 
prevention  through  use  of  protective  clothing  such  as  liard  hats,  various  kinds 
of  hard-toed  shoes  and  other  foot  and  leg  protection,  goggles,  safety  belts, 
etc.  In  many  cases  difficulty  has  been  encountered  in  securing  the  cooperation 
of  the  workers,  but  usually  this  reluctance  can  be  overcome  if  the  mine  offic¬ 
ials  will  pave  the  way  by  themselves  using  the  recommended  materials  consist¬ 
ently,  In  some  cases  it  has  been  found  necessary  to  require  the  use  of  the 
protective  clothing,  but  where  good  Judgment  is  used,  compulsion  should  not  be 
necessary,  except  possibly,,  for  a  relatively  few  persons, 

14,  Consistence  on  the  part  of  the  mining  companies  demands  that  before 
asking  or  requiring  the  employees  to  alter  the  old  for  the  newer  and  safer  prac¬ 
tices,  the  companies  first  "put  their  house  in  order,”  This  means  that  mines 
should  be  well  ventilated,  preferably  by  mechanical  control;  that  well- 
constructed  cages  or  man  cars  be  supplied  to  transport  the  men  into  or  out  of 
the  mine;  that  all  mines  have  more  than  one  exit,  and  that  all  exits  have  well- 
placed  and  well-constructed  fire  doors  for  use  in  case  of  necessity;  that  all 
cages  have  practical  and  workable  doors  which  are  used  at  all  times  when  men 
are  aboard;  that  all  of  the  openings  to  shafts,  winzes,  raises,  or  steep  in¬ 
clines  have  adequate  doors  or  other  device  to  prevent  falling  of  men  or  material 
into  them;  that  ladderways  in  shafts,  raises,  or  winzes  over  70°  pitch  have 
platforms  at  intervals  of  at  least  every  30  feet,  and  that  ladders  and  ladder- 
ways  be  kept  clean  and  in  good  repair;  that  all  machinery  is  kept  adequately 
guarded;  that  timber  supply  is  ample,  of  correct  size,  length,  etc,,  and  placed 
reasonably  close  to  the  point  of  use. 

There  is  now  no  question  that  mines  can  be  operated  essentially  as  safely 
as  most  of  the  other  lines  of  industrial  endeavor,  and  there  is  good  reason  to 
believe  that  safe  operation,  is  also  economical  and  efficient  operation.  How¬ 
ever,  to  bring  about  this  safety  will  require  the  expenditure  of  much  personal 
thought,  time,  and  effort,  not  only  by  those  who  actually  go  into  the  mines  to 
do  the  various  kinds  of  work  but  also  on  the  part  of  those  who  control  the  mine 
policies.  Here  is  another  case  where  "in  union  there  is  strength,"  and  if  the 
right  kind  of  cooperation  is  kept  in  effect,  it  is  certain  that  the  desired  re¬ 
sults  will  also  be  forthcoming  in  lowered  accident  rate  with  correspondingly 
decreased  compensation  and  kindred  costs  and  also  in  decreased  suffering  to  the 
minersand  their  families.  In  the  accomplishing  of  these  very  desirable  results 
there  is  no  question  that  intensive  supervision  and  well-directed  discipline 
are  domimnt  factors;  and  the  type  of  discipline  most  likely  to  produce  results 
of  the  right  kind  is  that  by  which  the  supervisor  conveys  in  one  manner  or  other 
to  the  workers  the  correct,  safe,  and  efficient  manner  of  doing  mine  work. 
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1.  Patents  (Gravitational  and  Magnetic  methods) 
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ThiB  information  circular  contains  abstracts,  by  W.  Ayvazoglou,  from 
original  German  patents  concerning  gravimetrical  and  magnetic  methods  of 
geophysical  prospecting. 

Copies  of  the  patents  listed  in  this  circular  my  be  procured  from 
Deutsches  Reich,  Reichspatentamt,  Berlin,  Germany, 

1,  GRA7IIATI0DAL  METHODS  \ 

(35^)  ^TVOSSCHS  DREBWAAGE 
(Botvos'  Torsion  Balance) 

_  ,  II  II  « 

Werkstatten  fur  Pracisions  -  Mechanik  und  Optik 
Carl  Bamberg,  of  Berlin-Friedenau, 

343,620  ^  Patent  issued  iJovember  5,  1921. 

The  invention  disclosed  in  this  patent  concerns  the  recording  apparatus 
which  is  secured  on  the  top  of  the  vertical  protecting  box.  By  a  special 
arrangement  the  light  ray  reflected  by  the  mirror  suspended  from  the  filament  is 
conducted  vertically  upward  by  means  of  an  additional  mirror,  and  can  be  observed 
through  a  window. 

Claims  allowed  -  3» 

(35^)  ^TVSSSCHE  DREHWAAGE  '  ' 

(Eotvos'  Torsion  Balance) 

(Add.ition  to  patent  343*^20) 

Askaniar-Werke  A.-G.  vormls  Centralwerkstatt-Dessau  und  Carl  Eamberg-Friedenau, 

of  Berlin-Friedenau, 

•i 

f 

372,133  Patent  -issued  March  24,  1923. 

This  patent  concerns  an  improved  means  of  conducting  the  light  ray,  as 
described  in  the  original  patent  343,620, 

According  to  this  patent  the  light  ray  is  projected  first  to  a  mirror 
secured  a.s  low  as  possible  and  then  reflected  by  another  mirror  to  the  record¬ 
ing  apparatus  situated  at  the  top  of  the  protecting  box. 

Claims  allowed  -  2, 
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(354)  ^'rvfisSCHE  DREHiVAAGE 
(Eotvos'  Torsion  Balance) 

.  I 

Askania-Werke  A.-G,  vonaals  CentralTrerkstatt-Eessau  "and  Carl  Bamberg-Eriedenau, 

of  Berlin-Eriedenau. 

378,323  Patent  issued  July  10,  1923 . 

The  invention  disclosed  in  this  patent  is  an  arrangement  by  which  the 
locking  device  and  the  trip  gear  mechanism  serving  for  the  rotation  of  the 
balance  is  connected  to  a  braking  or  locking  device  of  the  driving  mechanism  in 
such  a  way  that  they  both  work  simultaneously,  thus  causing  the  driving 
mechanism  to  stop  as  soon  as  the  rotation  of  the  instrument  is  ‘locked. 

Claims  allowed  -  2. 

(355)  EIimiCHTmiG  ZUM  LESSEN  VOH  WIMELAUSSCHLAGEE 
(Arrangement  for  measuring  angles  of  deflection) 

Gesellschaft  fur  praktische  Geophysik  m.  b.  H.  of  Freiburg  i.  Br, 

385,787  Patent  issued  December  12,  1923 . 

An  arrangement  is  described  for  measuring  angles  of  deflection  by  means  of 
a  mirror  and  a  graduation  scale  in  geophysical -survey  instruments,  such  as 
torsion  balances,  in  which  the  graduation  scale  is  fixed  to  the  telescope 
above  the  tube;  a  cut-away  section  of  the  telescope  ttibe  in  front  of  the  ob¬ 
jective  makes  possible  the  passage  of  the  light  rays,  emanating  from  the  scale 
through  the  objective  to  the  mirror  and  back  to  the  eye. 

Claims  allowed  -  2. 

C'356)  EIMICHTUNG  ZUR  RELATI7EE  SCHWEmiESSMG 
(Arrangement  for  relative  gravity  measurement) 

Dr,  Wilhelm  Hammer  of  Freiburg  i.  Er, 

391,777  Patent  issued  March  11,  1924. 

This  patent  discloses  an  arrangement  in  which  the  periods  of  oscillation 
of  two  or  more  pendulums  assigned  for  relative  gravity  measurements  are  trans¬ 
mitted  by  radio.  According  to  this  invention,  the  pendulums,  the  periods  of 
oscillation  of  which  are  to  be  compared,  are  connected  to  oscillatory  circuits, 
the  emission  of  waves  of  which  during  an  oscillating  phase  of  pendultufl?  is 
suddenly  changed;  this  makes  possible  the  noting  of  coincidences  at  the  places 
of  observation. 

Claims  allowed  -  2, 
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(357)  BEiHViMGE 
(Tort ion  Balance) 

Askania-Werke  A.-G.  vormals  Centralwerkstatt-Deseau  Tind  Carl  Bamlberg-Friedenau, 

of  Berlin-Eriedenau 

394,876  Patent  issued  April  29,  1924. 

Tiie  purpose  of  the  invention  described  in  this  patent  consists  of  making  the 
time  during  which  the  oscillating  beam  comes  to  rest  adjustable  according  to 
circumstances.  The  dampint:  device  serving  for  this  purpose  is  described. 

Claims  allowed  -  2, 

(35^)  |OTVCSSCEE  DBEHWAAGS  '' 

(Eotvos*  Torsion  Balance) 

Askenia^Werke  A.-G.,  vormals  Centralwerkstatt-Dessau  und  Carl  Bamberg-Priedenau, 

of  Berlin~Frledenau. 

395,397  Patent  issued  Ma;^’  16,  1924, 

The  Eotvos  torsion  balance  described  in  this  patent  is  characterized  by  an 
arrangement  in  which  the  influence  of  changes  of  temperature  and  of  radiation  is 
removed  by  filling  the  external  casings  protecting  the  balance  with  soft  feathers' 
these  casings  serve  at  the  same  time  for  protecting  the  balance  daring  transpor¬ 
tation. 

Claims  allowed  -  4.' 

(359)  DPuEHKAAGE  ZUR  IIESOTG  DEH  SCHWEREEAFT 
(Torsion  Balance  for  Measuring  Gravity) 

Askania-Werke  A.-G,,  vormals  Centralwerkstatt-Dessau  land  Carl  Bamberg-Priedenau, 

of  Berlin-Eriedenau, 

396,181  Patent  issued  May  27,  1924. 

This  patent  discloses  an  invention  in  which  the  beam  of  the  balance  is  made 
of  a  new  form  so  that  one  of  the  weights  is  disposed  belov/  and  the  other  above 
the  horizontal  pla.ne  passing  through  the  point  of  suspension.  By  this  arrange¬ 
ment  the  height  of  the  instrument  can  be  reduced. 

Claims  allowed  -  3. 
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(360)  GRA.VITA.TIONSWAAGE  HAOH  ART„DE]^MIGM  VON  EOTVOS 
(Torsion  Balance  of  Eotvos  Type) 

Ges'ellsctiaf.t  fur  praktische  Geophysik  m,  b,  H.  in  Ereiburg  i,  Br, 

413,284  ■  ■■  Patent  issued  May  7,  1925, 

"  '  ■  11  (I  '  . 

The  torsion  balance  of  Eotvos  type  described  in  this  patent  discloses  an 
invention  by  which  the  variability  .of  the  twisting  force  is  eliminated  by  pro¬ 
ducing  in  the  torsion  balance  directing  forces  based  on  magnetic,  electrical, 
or  mass  attraction.  By  this  the  external  influence  upon  tthe  suspension  fibre— 
for  example,  that  of  temperature— is  also  excluded. 

Claims  allowed  -  2* 

(361)  EIHBICHTmiG  ZUM  MESSEN  KLEINER  KEAETE 
(Arrangement  for  Measuring  Small  Forces) 

"^bcploration*^  Boden-Untersuchungs  Tond  Verwertnngs-G,  m,  b,  H,  of  Chariot tenburg, 
416,319  ‘  Patent  issued  July  11,  1925, 

The  measuring  of  small  forces  by  means  of  a  balance  beam  fastened  rigidly 
to  a  torsion  filament^  as  described  in  this  patent,  is  characterized  by  the 
following  special  arrangement:  The  beam  is  fixed  to  the  upper  part  of  the  fila¬ 
ment;  the  lower  part  of  the  torsion  filament  is  secured  to  a  rod,  the  ends  of 
which  are  inserted  into  special  guides  allowing  the  rod  to  be  moved  in  vertical 
direction  only.  The  same  rod  serves  for  keeping  the  filament  ti^t. 

Owing  to  this  arrangement  the  hei^t  of  the  whole  instrument  is  reduced 
considerably. 

Claims  allowed  -  3, 

(36^)  JliWirOSSCEE  DREEWAAGE 
(Eotvos  Torsion  Balance) 

II  n 

'  "Erda"  A,-G,,  Institut  fur  Angewandte  Geophysik  of  Gottingen, 

418,348  Patent  issued  August  3I,  1925, 

The  invention  disclosed  in  this  patent  is  characterized  by  the  suspension 
of  the  beam  to  a  unicrystal  filament- — for  example,  a  tungsten  wire. 

Claims  allowed  -  1, 
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(363)  [PORSioNaomijrTUUG 

(Torsion  suspension) 

"Erda"  A.-G.  of  Gottingen 

421,726  Patent  issued  Novemlier  17,  1925, 

This  patent i discloses  a  torsion  suspension  as  follows:  The  filament  passes 
through  a  hollow  cylinder  made  from  a  soft  metal— for  example,  lead;  the 
cylinder  is  inserted  into  a  clan5)ing  screw;  the  suspension  wire  can  he  held 
fast  hy  applying  a  screw. 

Claims  allowed  -  1, 

(364)  IMIWAAGE 
(Torsion  Balance) 

"Erda?. A. -G.  cf  Gottin^n. 

•  421,727  Patent  issued  November  17,  1925, 

This  patent  describes  an  arrangement  by  which  the  damping  of  the  oscilla¬ 
tion  of  the  beam  is  obtained  by  using  the  air;  for  this  purpose  the  weights 
are  placed  between  tro  damping  plates.  The  position  of  these  plates,  thus  the 
amount  of  damping,  can  be  regulated  by  means  of  special  guide  screws. 

Claims  allowed  -  4, 

(365)  DEEEWAAGB  ZUR  FESTSTELLUNG  NUTZBARER  LAGERSliTTEN 
(Torsion  Balance  for  the  Determination  of  Ore  Deposits) 

Dr,-Ing,  Heinrich  Quiring  of  Ealkensee  b,  Spandau, 

423,312  Patent  issued  December  24,  1925, 

The  torsion  balance  for  the  determination  of  ore  deposits  and  other 
gravity  disturbances  under  the  ground,  as  well  as  above  it,  described  in  this 
patent,  is  characterised  by  an  arrangement  by  which  the  deflections  of  the 
balance  beam  are  established  by  magnetic  or  electrical  potential  differences 
occurring  between  the  balance  beam,  suspension  wires  of  the  weights,  and  the 
weights  on  the  one  side,  and  the  nonconductors  or  conductors  of  the  form  of 
a  tube,  ring,  box,  or  plate  enclosing  them  on  the  other  side. 

The  measurements  of  the  deflections  of  the  beam  are  made  by  means  of 
a  plate  condenser. 

Claims  allowed  -  2,  ( 
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.  (366)  VERTAIIRSLI  We  SCEWEHEIffiSSUNGEN  MCH  EOJ^VOg 
(Method  of  Gravity  Measiirements  according  to  Eotvos) 

.  Er,.  Zarl-Kilchling  of  Eroiburg  i*  Br, 

437,530'  Patent  issued  April  9*  1926* 

II  II This  patent  discloses  a  method  of  gravity  measurements  according  to 
Eotvos  in  which  the  torsion  "balance  is  very  slowly  rotated  without  interrup¬ 
tion  "by  means  of  a  precision  watch.  During  this  consta,nt  mechanical  rotation 
the  ocular  or  photographic  observation  can  be  carried  out  in  as  many  azimuth 
positions  as  desired. 

Claims  allowed  -  1* 

(367)  FLATTEN  KONDENSATOR  ZUM  BESTIMMEN  VON  MASSEN  GRAVITATIONSWIEZUNGEN 
(Plate  condenser  for  determining  the  gravitational  effects  of  nasses) 

Dr,-Ing,  hurt  Emil  Dittmann  of  Gelsenkirchen, 

428.499  Patent  issued  May  14,  1926, 

This  patent  describes  a  plate  condenser  assigned  for  determining  the 
excess  or  deficiency  of  mass  imder  the  ground  or  inside  of  other  bodies;  the 
invention  is  characterized  by  making  the  condenser  rotatable  around  a  hori¬ 
zontal  and  a  vertical  axis  so  that  it  can  be  adjusted  to  any  position  of  the 
angle;  the  direction,  as  well  as  the  various  strengths  of  the  effects  by 
which  the  movable  condenser  plate  is  influenced  according  to  the  laws  of  mass 
attraction,  can  be  measured. 

Claims  allowed  -  1, 

11  n 

(368)  VEEEAHREN  ZUR  VERSTAEKUNG  DER  DEEHWAA.GENAUSSCHLAGE  DURCH  HESONANZ 
(Method  for  amplifying  the  deflections  of  the  torsion 

balance  beam  by  resonance) 

Dr,  Karl  Kilchling  of  Freiburg  i,  Br, 

428.500  Patent  issued  May  5,  1926, 

The  method  for  amplifying  the  deflections  of  the  torsion  balance  beam 
by  resonance,  described  in  this  patent,  concerns  an  arrangement  by  which 
the  period  of  time  of  uniformly  rotating  balance  and  the  torsion  oscillation 
of  the  suspension  are  mutually  adjusted. 

Claims  allowed  -  1,. 
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(369)  KIESS-'IlJTRmENTE  INSBESONHEEE 

,  ,  .  EUH.piffiHmAGEN 

(Metal^^re  suspension  for  measurement  instruments,  , 
especially  for  torsion  "balances) 

Kate  Heckmann  of  Freitrurg  i,  Br,' 

428,824  Patent  issued  May  14,  1926, 

Kiis  patent  discloses  a  mebal-^wire  suspension  for  measurement  instruments, 
especially  for  tursion  balances,  ch/aracterizeqL  by  providing  the  part  of  the 
instrument  enclosing  the  suspension  wire  with  a  heating  device  vhich  can  be 
used  for  tempering  the  suspension  wire,  ^ 

Claims  allowed  -  1, 

(3^0)  VEKEABBM  UBD  VORRICHTUNG  ^  FESTSTELLUKG  IJUTZBARER  I^lSRSliirim 
UKD  SONSTIGER  SOHWERESTORUHGM  DUROH  LOTJLBirEICHUBGKN 
(Method  and  apparatus  for  locating  useful  deposits  and  determining 
gravity  disturbances  by  means  of  plumb-line  deviations) 

.  ,  '  Dr.-Ing.  Heinrich  Quiring  of  Palkensee  b.  Spandau, 

429,034  Patent  issued  May  17,  1926, 

The  method  for  locating  ore  deposits  or  determining  gravity  disturbances 
above  the  ground  and  vinder  the  ground,  described  in  this  patent,  discloses  an 
arrangement  by  which  the  plumb-line  deviations  are  determined  by  measuring 
electrical  or  magnetic  potential  differences  between  the. plumb  line  and  a 
conducting  or  nonconducting  body  surrounding  the  plxamb  line.  This  body  may 
have  a  form  of  a  sphere,  cylinder,  ring,  plate,  or  have  a  convex  shape.  The 
ring  or  the  cylinder  is  divided  into  segments,  each  representing  a  plate  , 
condenser. 

Claims  allowed  -  3, 

(371)  VOERICHTUHG  ZUM  BE0BA.CHTE1T  DER  AKBERmiG  EIHZELNER 
SCS/TEaKRAFTS-KOMPOlTENTEN  MITTELS  ELEKTRISOHER  PLA.TTZ1^0MIiEMSA,T0RElT 

(Apparatus  for  observing  thu  change  of  single  gravity 
components  by  means  of  electrical  plate  condensers) 

•‘^loration”  Boden-Untersuchungs  -  und  Verwertungs  G,  m,  b*  H»  of  Be^rlin, 
430,643  Patent  issued  June  21,  1926, 

The  apparatus  for  observing  the  change  of  single  gravity  components  by 
means  of  electrical  plate  condensers,  described  in  this  patent,  consists  of  one 
or  several  condensers  suspended  in  such  a  manner  that  they  occupy  a  position  ( 
eccentrical  with  regard  to  a  vertical  or  horizontal  axis  of  rotation. 

Claims  allowed  -  1, 
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(372)  HOMZONliAIPmia.DE^^ 

(Horizontal  pendultun  torsion  "balance) 

SelsmoB  G.  m.  "b*  E,  of  Hannover 

432,022  Patent  issued  July  22,  1926, 

This  patent 'discloses  the  application  of  the  horizontal  pendulums,  for 
example,  of  Eengler's  type,  for  gravity  field  investigations,  A  detailed  des¬ 
cription  of  the  apparatus  is  given,  ..In  order  to  reduce  the  time  of  o"bserva- 
tion,  two  apparatuses  placed  opposite  one  another  may  "be  used. 

Claims  allowed  -  4,  ‘  ' 

.  .  < _  ”  »  n 

(373)  VERPAHREN  PUE  SCHWEREMESSUHGEN  mCK  BOTVOS 

(Method  of  gravity  measurements  according 

to  Eotvos) 

(Addition  to  patent  427,530) 

Dr,  Karl  Kilchling  of  Freiburg  i,  Br, 

432,023  •  Patent  issued  July  28,  1926, 

The  method  described  in  this  patent  differs  from  that  of  the  original 
patent  427„530  by  an  arrangement  in  whidh  only  the  suspended  part  is  rotated 
and  the  deviation  of  attraction  is  observed,  with  regard  to  the  azimuth  of 
the  rotation,  during  the  rotation, 

Claims  allowed  -  4, 

•••  •  '(374)  VERFAHREH  ZUR  BESTBMJNG  DER  ANZ-IEHUHG  VON  MASSEN, 

INSBESONDERE  DER  EEDAIJZ-IEHUNG 

(Method  for  determining  the  attraction  of  masses, 
especially  that  by  the  earth) 

"Exploration”  Boden-Untersuchungs  -  und  Verwertungs-G,  m,  b,  H,  of  Berlin 
432,130  Patent  issued  July  28,  1926, 

The  invention  discloses  the  following  method  for  determining  the  attrac¬ 
tion  of  masses,  A  system  of  bodies  of  masses  is  enclosed  in  a  box  provided- 
with  a  pressure  meter.  The  system  is  subject  to  changes  of  position,  if  the 
force  of  attraction  under  the  effect  of  whichthe  masses  of  the  system  are 
is  changed.  The  system  is  brought  then  to  its  original  position  by  the'  change 
of  the  density  of  the  medium  in  which  the  system  is  inclosed.  The  value  of 
this  variation  of  density  can  be  established  by  means  of  a  pressure-meter  and 
serves  as  a  "basis  for  determining  the  change  of  the  force  of  attraction. 

Claims  allowed  -  3* 


IOO83 


226  - 


I. C, 6559 


■  '  (375)  VERFIHRM  JTJR  SCHWSEEMESSUNG-EN  MACH  EOJVO^ 

(Method  of  gravity  raeasorements  according  to  Eotvos) 

■  '(Addit'on  to  patent  427,530) 

Dr,  Earl  Kilchling  of  Ereihurgt  i»  Br. 

432,185  Patent  issued  July  28,  1926* 

»  •  ’.3  ! 

This  addition  to  the  original  patent  427,530  discloses  an  invention  hy 
which  a  light  ray  is  rotated  together  with  the  torsion  balance;  this  light  ray 
records  the  deviation  of  the  attracted  suspended  part  with  regard  to  the 
azimuth  of  the  'uniform  rotation.  The  recording  is  produced  in  the  form  of  a 
curve  or  the  li^t  ray  is  exposed  hy  a  mechanical  device  at  fixed  periods  of 
time  in  such  a  way  that  it  serves  as  a  time  signal  hy  which  the  elements  of  the 
movement  of  the  rotation  of  the  susuended  part  are  recorded. 

Claims  allowed"-  3,  '  •  .  ■  •  -.o  . 

(376)  VOHRICHTIMG  ZUR  VEEMEIDUNG  DES  KLEBEDS  DER  OEbInQ-E  BEI 
MESSINSTRUMENTEN.  BESONDERS  DREWAAGEU 

(Arrangement "for  avoiding  the  adhesion  of  tl;e  suspension  part 
in  measuring  instruments,  especially  torsion  balances) 

Dp.  Johann  Koenigsherger  of  Freiburg  i.  Br. 

432,598  -  i  Patent , issued  August  7,  1926. 

Tnis  patent  discloses  a  means  for  preventing  the  isusnension  part  of  a 
measuring  instrument  from  adhering  to  other  parts  with  which  it  makes  contact 
during  its  oscillation;  this  result  is  attained  by  making  the  parts  which  come 
in  contact  from  hard  oxides  or  sulphides  on  the  one  hand  and  from  metals  or 
metallic  alloys  on  the  other";  owing"  to  this  "  arrangement  the  parts  which  come 
in  contact,  instead  of  adhering,  repel  each  other. 

Claims  allowed  -  1, 

(377)  TEMFERATURSCHUTZ  Ftm  MESSIUSTRUMENTE  ABLER  ART 
(Temperature  protection  of  measuring- instruments  of  all  kinds) 

Alfred  Gewron  of  Berlin-Wilmersdorf .  . 

•  \ 

435,592  .  '  .  •'  ■  ?•  .Patent  issued  November  4,  1926. 

The  in'vehtion  discloses  a  special  method  of  temperature'  protection;  the 
protection' consists  of  several  seoarated  covers  having  a  form,  corresponding  to 
the  parts  of  "the" ’  tors ion  'balance  or  of  any  other  measurement  instrument."  "  The 
covers  are.  made  '^rpm  waterproof  material  and  are  provided  with  openings  through 
which  the  ot^servatlons  can  be  made  without  removing  the  covers. 

’  -I." 

Claims  allowed  -  1, 
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(378)  GIKANGEKLEMMVORRICHTUNG  FUR  TORSIONS  INSTEUIjIENTE 
(Locking  device  for  the  suspension  parts  of  torsion  instruriients) 

■  II 

Dr.  Johann  Konigsherger  of- Freiuurg  i.  Br. 

437,215  •  •  '  ^Patent  issued  November  19,  1926 

This  patent  discloses  the  construction  of  a  locking  device  in  which  the 
suspension  wire  remains  stretched  after  the  instrument  is  locked  for  transporta¬ 
tion.  *B!^,this  arrangement,  which  consists  of  applying  a-spring  producing  a 
force  almost  equal  to  that  of  the  weight  of  the  mass,  the  clmnge  of  the  position 
of  the  zero  point  after  the  unlog-ding  of  the  instrument  is  prevented. 

Claims  allowed  -  1, 

(379)  DREHWAAGE  Ffe  AUSF{}hRUNG  VON  SCHWERFMESSUNGEN 
(Torsion  balance  for  carrying  out  gravity  measurements) 

’’Exploration"  Boden-lJntersuchungs-und  Verwertungs-G.  m,  b.  H.  of  Berlin. 
440,384  Patent  issued  February  17,  1927. 

.  ,  I* 

The  torsion  balance  proposed  by  the  inventor  is  characterized  by  placing 
the  rotative  driving  mechanism,  in  order  to  preserve  a  symmetrical  distribution 
of  the  mass  of  the  instrument,  in  a  central  position — for  example,  inside  of 
the  cylinder  of  the  foot^ 

Claims  allowed  -■!, 

(380)  VERFAHREN  ZUR  UNTERSUCHUNG  DER  RAUIvIUCHEN 
DICHTEVERTEILUNG  IM  ERDINNERN  •. 

(Method  for  investigation  of  spatial  distribution 
of  density  inside  of  the  earth) 

Seismos  G.  m.  b.  H.  of  Hannover. 

441,170  Patent  issued  March  1,  1927. 

In  order  to  obtain  great  ex-  accuracy  in  investigating — for  example,  by 
torsion  balance — of  spatial  distribution  of  density  in  the  surroundings  of 
galleries  and  workings  of  mines  and  determining  the  position  of  ore  deposits 
the  density  of  which  differs  from  the  surroundings,  the  inventor  proposes  that 
the  center  of  gravity  of  the  suspension  part  of  the  instrument  be  brought  to 
that  point  of  the  cross  section  of  the  gallery  in  which  the  forces  of  attraction 
of  the  parts  of  the  masses  mutually  compensate  each  other.  •; 

Claims  allowed  -  2.  .  '  ,  • 
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(381)  FADIMLOSE  AOTHANGIHG  VON  OREtlWAAGEN,  HORIZONTAL 
■  ■ '  ■  ■  PENLELN.  MAGNKPOSKOPSN  UND  DGL 

(Wireless  suspension  of  torsion  ‘balances,  horizontal 
pendulums,  inagne  to  scopes,  and  similar  instruments) 

Reinhard  Reeh  of  Nanze'bach,  near  Dillenburg.  !. 

441,505  •  ;  .  Patent  issued  March  10,  1927, 

The  patent  describes  a  wireless  suspension  of  torsion  balances,  etc,, 
accomplished  by  means  of  a  swimmer  immersed  in  a  liquid;  the  invention  is 
characterized  by  such  a  choice  of  the  liquid,  of  the  inclination,  and  the  nature 
of  the  surface  parts  of  the  swimmer,  and  of  the  walls  of  the  receptacle  at  the 
level  of  the  liquid,  tliat  two  different  menisci  are  formed  in  the  circular 
space  between  the  immovable  receptacle  and  the  movable  swimmer. 

Claims  allowed  -  10, 

It  It 

(382)  MESSINSTRUMENT  MIT  FLUSSIOEEITS-DAMPEUNG 
(Measurement  instrument  with  liquid  damping) 

It 

Dr,  Johann  Konigsberger  of  Freiburg  i.  Hr. 

I 

441,882  Patent  issued  March  16,  1927, 

The  liquid  damping  for  measurement  instruments  described  in  this  patent 
is  characterized  by  making  the  suspension  wire  of  the  damping  body  thinner  at 
the  place  in  which  the  wire  crosses  the  surface  of  the  liquid;  by  this  the 
effect  of  the  surface,  tension  is  lessened  considerably. 

Claims  allowed  ~  i, 

,  j  • 

(383^  VERFAHREN  ZUR  BESEITIGUNG  StSrENDER  WANDUNGSHOHI- 
RAUME  U.  DG.  BEI  BENUTZUNG  DER  DREHWAAGE  ENTER  TAGE 
*  '  •  1 

(Method  for  eliminating  disturbing  hollow  spaces  in 
walls  in  using  the  torsion  balance  underground) 

Gesellschaft  fur  praktische  Geophysik  m,  b,  H,  of  Freiburg  i,  Br, 
443,215  Patent  issued  April  23,  1927, 

This  patent  discloses  a  method  for  eliminating  hollow  spaces  in  walls  of 
mines  owing  to  their  harmful  effect  on  the  measurements  made  under  ground  by 
torsion  "balance.  The  inventor  recommends  filling  out  these  hollow  spaces  with 
material  the  density  of  which  corresponds  to  that  surrounding  the  hollow  space. 
Sacks  filled  with  such  material  may  be  -used. 

Claims  allcwed  -  2. 
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II  II 

(384)  VERPAHRM  ZUR  BESEITIGUNG  STORENDER  WAEEUMGS-HOHLRAUME 
UEI)  DGL.  BEI  BENUTZUNG  EGER  DREHWAAGE  UETER  TAGE 

(Method  for  eliminating  disturhing  hollow  spaces  in 
walls  in  using  the  torsion  "balance  under  ground) 

Gesellschaft  fur  praktische  Geophysik  m.  "b,  H.  of  Erei"burg  i.  Br. 

443,299  Patent  issued  April  23,  1927. 

In  this  addition  to  the  original  patent  443,215,  concerning  the  filling 
out  of  hollow  spaces  in  walls  in  working  with  torsion  "balance  underground,  the 
inventor  states  that  the  filling  can  "be  made  not  only  in  the  foia  of  plane 
surfaces,  as  recommended  in  the  original  patent,  "but  also  in  any  other  form 
for  which  the  gravity  effect  may  easily  "be  calculated,  as  for  example,  the 
form  of  a  cylinder. 

Claims  allowed  -  1, 

II 

(385)  VORRICHTUEG  ZUR  BESTIMMUNG  DER  ANDERUNG  DER  VERTIKAI^ 
KOMPOMTE  DER  ATTRAKTIOESKElAEr  IE  DER  7ERTIEALRI CHTUEG 

(Device  for  determining  the  variation  of  the  vertical  com- 

■  ponent  of  gravity  of  the  force  of  attraction  in  vertical  direction) 

Gesellschraft  fur  praktische  Geophysik  m.  "b,  H.  of  Prei"burg  i.  Br. 
448,003  Patent  issued  August  6,  1927. 

The  device  for  measuring  the  deviation  of  the  vertical  component  of 
gravity,  descri"bed  in  this  patent,  consists  chiefly  of  a  "beam  kept  in  hori¬ 
zontal  position  "by  means  of  a  horizontal  wire;  the  weights  are  suspended  to 
the  ends  of  the  "beam  at  different  heists.  The  local  variation  of  the  vertical 
component  of  gravity  is  manifested  "by  the  inclination  of  the  "beam  and  is 
measured  "by  means  of  a  mirror  and  a  telescope.  Two  "beams  may  "be  secured  to  the 
same  wire  or  to  two  wires,  the  weights  of  the  two  "beams  "being  fixed  at  opposite 
heists;  "both  "beams  are  provided  with  mirrors. 

Claims  allowed  -  3. 


(386)  DREHWAAGE  ZUR  MESSUEG  DER  SCHWERKRA2T 
(Torsion  "balance  for  measTiring  gravity) 

(Addition  to  patent  396,181) 

Askanisu-Werke  A.-G.  vormals  Centralwerkstatt-Dessau  und  Carl  Bam"berg  -Friedenau 

of  Berlin-Friedenau, 

451,477  Patent  issued  Octo"ber  27,  1927 

The  original  patent  396,181  discloses  an  invention  in  which  the  weights 
are  fixed  to  the  ends  of  the  "beam,  one  "below  and  the  other  a"bove  a  horizontal 
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plane  passing  throi^i  tlie  point  of  siispension  of  the  heam,  -The  invention 
descrihed  in  this  additional  pe.tent  concerns  the  means  hy  which  the  rotation 
of  the  heam  around  its  , own  axis,  thus  causing  the  tilting  of  the  perpendicu¬ 
lar  rods  to  one  or,  .the"othGr  side,  is  prevented* 

Claims  allowed  -  7. 

.  ,  ,  (387)  EEEHWMGE 

(Torsion  balance) 

Askania-Werke  A.-G,  vomals  Centralwerkstatt-Dessau  und  Carl.»Bamherg-Friedenau 

of  Berlin-5\iedenau. 

452,040  '  Patent  issued  Novemher  3, '  .1927. 

This  patent  discloses  a  combination  of  a  torsion  balance  with  a  theodolite. 
The  theodolite  may  be  secured  to  the  torsion  balance  either  between  the  two 
casings  of  the  two  balance  beams,  or  above  the  common  casing  in  whi.cih;  .the  two 
beams  are  enclosod.  ...The  torsion  balance  can  easily  be  removed  and  the  theodo¬ 
lite  used  separately,.  .. 

Claims  allowed  -  4, 

*1 

(38^  EQTvfisSCHE  DHEHWAAGE 
(Eotvos '  torsion  balance) 

.  •  (Addition  to  patents  343,620  and  372,133) 

Askania-Werke  A.-G,  .vormals  Centralwerkstatt-Dessau  und  Carl  Baraberg-Eriedenau 

'  of  Berlih  SViedenau.'  .  , 

453,438  ,  '  ;  .  '  ■  '•  Patent  issued  December  6,  1927. 

This  patent,  concerns  an  improvement  of  the  recording  apparatus  described 
in  patents  343,620  and  372,133.'  In  order  to  prevent  the  obscurity  of  the 
reading  caused  by  the  interference^  of  the  two  li^t.  rays  reflected  by  the 
mirrors,  a  special  arrangement  is'- made  by  which  one  of  the  light  rays  is 
screened  at  the  moment  when  the  other  ray  is  used  for  taking  the  indication. 

Claims  allowed  -  4. 
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II  II  It  ,  .  11 

(389)  VSRSCHLUSS  FUR  FLUSSimiTS  DAMPFUNGSGEFASS 
(Device  for  closing  liquid-damping  receptable) 

Dr,  Johann  Konigsherger  of  Freihurg  i.  Br< 

453,720  ,  .  .  ^  •  Patent  issued  December  15,  1927^ 

The  device  for  closing  liquid-danlping  receptacles  used  in  measuring 
instruments  (magnetometers,  tcrsion  balances)  described  in  this  patent,  con- • 
sists  of  one  or  several  iris  diaphragms  and  a  rubber  ring  through  which  the 
wire  passes.  By  closing  the  diaphragm  the  rubber  ring  is  compressed,  thus 
preventing  the  flowing  out  of  the  liquid. 

Claims  allowed  -  2. 

(390)  DREHWAA.GE 
'  '(Torsion  balance) 

Askania-Werke  A.-G.  vormals  Centralwerkstatt-Dessau  und  Carl  Bamberg-Friedenau 

of  Berlin-Friedenau. 

456,039  .  .  -  Patent  issued  February  15,  1928. 

The  invention  discloses  a  system  of  damping  by  means  of  electromagnets; 
the  arrangement  for  producing  the  damping  magnetic  field  is  connected  with 
the  torsion  balance  box;  a  wei^t  fixed  to  the  horizontal  arm  serves  as  a 
brake  copuer.  The  cop'oer  wei^t  has  the  form  of  a  parallelepiped,  the 
longitudinal  axis  of  which  is  perpendicular  to  the  axis  of  the  beam. 

Claims  allowed  -  3. 

(391)  GRA.VITATIOWS-MESSER  ZUR  MESSUNG  DES  VERTIKAmi 
G'.'ADIEETEN  DER  ERDSCHWERE 

(Gravity  mearuring  instrument  for  measuring  the 
vertical  gradient  of  gravity) 

Dr,  Wilhelm  Schweydar  of  Potsdam, 

456,484  Patent  issued  February  25,  1928, 

The  invention  concerns  an  apparatus  for  measuring  the  vertical  gradient 
of  gravity  which  is  based  on  the  comparison  of  the  bifilar  twisting  moment  of 
gravity  with  the  torsion  moment  of  a  spiral  spring.  To  eliiidnate  the  influence 
caused  upon  the  length  of  the  spiral  spring  by  temperature  changes  this  patent 
discloses  an  arrangement  in  which  the  spiral  spring  is  replaced  by  a  wire,  the 
upper  end  of  which  is  carried  by  a  balance  beam  brou^t  to  the  horizontal 
position  by  means  of  a  counterweight. 

Claims  allowed  -  3, 
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(392)  IfRSaWAAGB  NACH  SDTVOS 
(Torsion  balance  according  to  Eotvoe) 

Dr,  Stefan  Sybar  of  Budapest. 

458,354  Patent  issued  April  4,  1928, 

This  patent  describes  a  torsion  balance  according  to  Eotvos  with  a  photo- 
grariiic  registering  device.  The  improvement  concerns  an  arrangement  by  which 
the  sensitive  plates  are  secured  below  the  measuring  pendulu  • 

Claims  allowed  -  3, 

(393)  EIMICHTUNG  ZUM  3INSTELLEU  DES  AZIMUTS  BEI  DREHWAAGSN 
(Device  for  adjusting  the  azimuth  at  the  torsion  balances) 

II 

Gebruder  Eaff  Ges.  m,  b.  H.  of  Pfronten-Ried. 

r .  • 

458.555  Patent  issued  April  13,  1928, 

To  adjust  a  torsion  balance  to  various  azimuths,  ordinary  stop  screws 
or  a  ring  provided  with  cuttings  are  generally  used.  This  requiros  trouble¬ 
some  operation  if,  for  example,  five  azimuths  instead  of  three  are  to  be 
taken.  This  disadvantage  is  according  to  this  patent  removed  by  applying  two 
or  several  rings  provided  with  cuttings  which  are  fixed  to  a  tube  and  can  be 
displaced  in  vertical  direction. 

Claims  allowed  -  2,  - 

(394)  DREH7AAGE  NACH  EOTVOS 

'  '  tt  H 

(Torsion  balance  according  to  Eotvos) 

Dr.  Karl  Zilchling  of  Ereiburg  i.  Br, 

458.556  Patent  issued  April  13,  1928, 

This  patent  describes,  an,  arrangement  by  which  the  torsion-balance  box 
is  suspended  to  a  holder  by  a  wire,  thus  making  its  special  adjustment  to 
horizontal  position  by.  means  of  levels  unnecessary. 

Claims  allowed  -  3,  •. 
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(395)  DREHWM&E  ZUM  imSSM  KLEINER  GRAVITATIONS  KRASTE 
(Torsion  Lalance  for  measurihg  small  gravity  forces) 

"Exploration"  Boden-Untersuch-ungs-und  Verwertungs-G.  m.  L,  H... 

of  Berlin.  '  ' 

463|128  Patent  issued  July  24,  1928. 

'  According  to  this  invention  one  of  the  two  wei^ts  of  the  "balance  is 
secured  to  a.  rigid  rod  directed  upward,  the  other  wei^t  remaining  as  usual 
at  the  end  of  ,the.  "balance  hijara.  By  this  arrangement  tiie  total  height  of  the 
instrunent  is  considerahly  reducedi,  i  ^ 

Claims' allowed  -  2.  •  ■■■■■■■!' 

M  ■■ 

■  (396)  EREHWAAGE  ZUIvI  MESSEN  KLEINER  ®AVITATIONS  KRAFfE 
(Torsion  Balance  for  measuring  small  gravity  forces) 

(Addition  to  patent  463,128) 

"Exploration"  Boden-Untersuchungs-und  Verwertungs-G.  m.  h,  H. 

of  Berlin. 

463,673  Patent  issued  July  31,  1928, 

This  patent  discloses  a  further  improvement  of  the  original  -patent 
463,128,  which  is  characterized  "by  lowering  the  center  of  gravity  of  the 
system  By  securing  a  special  weight  Below  the  center  cf  the  Bailee  Beam, 

This  arrangement  makes  it  possible  to  reduce  still  more  the  total  hoi^t  of 
the  Balance.  , 

Claims  allowed  ~  2. 

(397)  DREHt7AAGE  FUR  GRAVIMETRISCHE  UNTERSUCHUNGM 
(Torsion  Balance  for  gra-vimetrical  investigations) 

Ervand  KogBetliantz  of  Paris. 

f  *  *  *  . 

467,248  Patent  issued  November  13,  1928 

This  patent  discloses  a  torsion  Balance  provided  with  three  Beams  secured 
at  eq-ual  angles  one  to  another  and  suspended  to  a  common  wire. 

■  Claims  allowed  -  3. 
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(398)  DKMMGE  ZUR  MSSW  1  VC»T  SOHWEEKHAiTlS-IJl^riRSCHIia^ 

(Torsion  balance  for  measuring  gravity  variations) 

"Exploration'’  Boden-Untersuch.ungs-'und  Verwertungs-G.  m.  b.  H. 

of  Berlin. 

467-,  704  '  ■■■■•■  '  Patent  issued  October  29,  1928. 

The  torsion  balance  described  in,  this  patent  is  constructed  so  that  the 
two  horizontal  l?ars,  to  which  the  weigjats  are-  securbd  are  connected  one  with 
another  by  a  vertical  cross  arm.  This  cross  arm  is  suspended  to  the  wire 
directly  or  by  means  of  a  lateral  additional  piece.  The  connecting  arm  can 
be  made  from  a  tube  and  the  suspension  wire  placed  inside  of  the  tube;  the 
center  of  gravity  can  be  lowered  by  fixing  a  special  weii^t  to  the  connecting 
arm  or  to  .the  lower  arm,;  '  :  .t 

Claims  allowed  -  5. 

(399)  DREHWMGE  ,  .  , 

.  (Torsion  balance)  ■ 

« 

Askania-Werke  A.-G.  vorraals  Centralwerkstatt-Dessau  und  Carl  Bamberg-Priedenau 

of  Berlin-Priedenau. 

478,359  ..  ..  V--.  Patent  issued  June  24,  1929.- 

This  patent  discloses  an  improvement  of  the  invention  described  in  the 
original  patent  456,039.  The  improvement  concerns  the  ^inihilation  of  the  , 
effect  of  the  magnetic  remanence  upon  the  brake  copner  after  the  closing  of 
the  circuit  by  which  the  results  of  the  measurements  are  influenced. 

Claims  allowed  -  4, 

(400)  VORRICHTUNG  ZUR  ANBBINGtmG  VON  BASISUNIEN  AUE  PEN  FdOTOGRAMMEN 
WAHHEND  HER  PHOTOGRAPHI SCHEN  REGISTRIERUNG  BEI  DREHWAAGEN 

(Device  for  drawing  base  lines  on  photograms  obtained  in 
torsion  balances  during  photographic  recording) 

,  .,Gebruder  Haff  G.  m,  b,-  H.  of '  PfrCnten-Ried, 

480,443  Patent  issued  October  1.7,  1929. 

The  device  for  drawing  base  lines  on  photograms  is  characterized  by  secur¬ 
ing  a  special  inmovable  lever,  provided  with  a  sharp  point.  By  means  of  light 
pressure  the  point  is  pressed  against  the  photograiiiic  surface  and  draws  on  it, 
owing  to  the  movement  of  this  surface,  a  fine  line. 

Claims  allowed  -  1.  -• 
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(401)  DREHWMGE  MIT  ZWEI  GEHANGEN 
(Torsion  balance  with  two  suspensions) 

"Exploration"  Boden-Untersuchungs  und  Verwertungs-G.  m,  h,  H.  of  Berlin. 

482,886  Patent  issued  Septeraher  26,'  1929. 

The  invention  described  in  this  patent  concerns  the  arrangement  hy  which 
the  two  beams  of  the  torsion  balance  form  one  with  another  an  angle  of  90° 
or  of  nearly  90°. 

Claims  allowed  -  1. 


2.  MA-GMIC  METHODS. 

(402)  ERDMA.G1IETISCHES  VERTIKAL-INTEUSITATS-VARIOMETER 
(Earth  magnetic  vertical-intensity  variometer) 

Otto  Topfer  und  Sohn,  of  Potsdam. 

152,489  Patent  issued  June  21,  1904. 

The  patent  involves  a  vertical-intensity  variometer  in  which  the  magnet 
system,  which  is  placed  in  the  inclination  line,  is  brou^tto  a  certain,  for 
example,  normal,  position  by  the  torsion  of  one  or  several  horizontal  fila¬ 
ments  or  wires, 

4 

Claims ^allowed  -  1. 

(403)  VOimiCHTUNG  ZUM  SCHUTZ  DER'AUE  TORSION  BEANSPRUCHTEN  ACHSEN 
BEI  IvIESSINSTRUMENTp,  INSBESOHDERE  fOr  ERDMAGNETISCHE 
BEOBA.CHTUNGEN  GEGEN  SCHNELLE  TEMPERATURSCHWAMUNGEN 

(Arrangement  for  protecting  axles,, of  measuring  instruments  based 
on  torsion,'  especially  those  us^d  earth-magnetic  obser¬ 
vations,  against  quiclc  chailge^^of  temperature) 

"Erda"  A.-G.  of  Gottingen.  ’ 

411,093  Patent  issued  Inarch  10,  1925. 

According  to  the  invention  described  in  this  patent,  the  influence  of  •' 
quick  changes  of  temperature  upon  the  wire  or  fibre' used  as  a  torsion  axis  •  > 
is  -lessened  by  an  arrangement  in  which  such  axes  are  surrounded  with  oil  if 

i  or  .  similar  poor  heat  conducting  liquid.  ' 

Claims  allowed  -  1, 


:f 
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(404)  IKSTRTM3T  ZUR  MESSUKO  sSmTUCHER  BESTIMMUNGSGrBsSEN 
•  lES  .iMHAGNEnSCHEH  FEEDES 

(Instruments  for  measuring  the  values  of  all  the  components 
necQBsary  for  determining,  the  earth-magnetic  ,:fi eld)  ,  .  ^ 

:  ni^da"  A,-G.  of  Gottingen. 

415,872  Ba,tent  issi^d.  July  2,  1925* 

The  instrument  described  in  this  patent  serves  for  measuring  the  valt^s 
of  all  the  components  necessary  for  determining  the  earth-magnetic  field;  it 
is  characterized  by  an  arranganent  in  which  a  magnetic  needle,  rotatable 
around  a  vertical  axis,  and  serving  for  measuring  the  horizontal  intensity 
and  declination,  is  fixed  above  or  below  the  magnetic  vertical-intensity  field 
balance  in  such  a  manner  that  the  distance  between  the  imgnetic  needle  and  the 
beam  of  the  field  balance  can  b©  adjusted. 

Claims  allowed  -  2.'  - 

(405)  VERFAHEM  ZUR  ANSCHAULICHEN  WIEDERGABE  VON  MAGNETISCHEN 

EEIEMESSUNGEN 

(Method  for  apparent  representation  of  magneti  field 

meeisurements)  - 

.  .  ,  .  "Erda”  A,-G.  of  ^ttingon. 

421,899  Patent  issued  November  20,  1925. 

This  patent  describes  a  method  of  representing  by  smell  sticks  the  relation 
to  each  other  of  Vectors  of  disturbance  calculated  for  each  point  from  measured 
values;  these 'Ismail,  sticks,'  by  which-,  the.  established  values  and  directions  are 
represented,;  are  put, .at  those  points  of  the . map  or  of . the  plastic  model  of  the 
region  under  investigation  which  correspond  to  the  points  of  observation  on 
the  terrain, ....  , 

Claims  allowed  . .  ’  •  ,  .....  .!  .• 

(406)  LOKALVARIOiffiTER  m  MAGNETISCHE  KEAFTEELDER 
(Local  variometers  for  magnetic  fields) 

Dr,  Hans  Haalck  of  Berlin-Steglits. 

'  '  ■  ■  .....  .  . .  ' 

426,772  ^  intent  issued  March  18,  1926, 

r  .'•»*.  , 

M  ^  ^  Z  .1 

The  localvariometbr' f  or  magnetic  fields  disclosed  in  this,  patent  is 
characterized  by  an  arrangement  in  which  two  or  more  coils,  of  equal  area  of 
turn  are  fixed  and  connected  at  different  places  of  a  common  rotation  axis 
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in  such  a  way  that  their  areas  of  turn  lie  in  the  sa/ne  ulane  and  are  directed 
parallel  to  the  rotation  axis,  and  that  the  alternating  currents  produced  in 
them  during  the  rotation  have  opposite  directions,  The  coils  are  moved  hy 
means  of  a  driving  device.  ■ 


Claims  allowed  -  2. 


ti 

(407)  VEIIFAHEM  ZUR  PESTSTELOTG  GESINCER  MGERmAlTOERUlTGEN 
VON  xliREERN  IM  EE3REICE  VON  KMETEEIEERN 

(Method  for  determining  smell  changes  of  position  of 
todies  within  the  range  of  fields  of  force) 

Dr.-Ing,  Heinrich  Quiring  of  Ealkensee  t.  Spandau, 


437,365  Patent  issued  Novemter  16,  1926. 

Method  for  determining  small  changes  of  Positions  of  todies,  for  example 
of  a  plumt  line,  within  the  fields  of  force  is  characterized  ty  the  following: 
In  order  to  determine  the  electrical,  magnetic,-  or  any  other  physical  potential 
variation,  o.r  variation  of  oscillation  caused  ty  the  change  of  the  position  of 
the  tody,  the  circuit  which  serves  for  measuring  the  change  of  the  capacity, 
or  of  the  oscillation,  is  closed  only  for  a  short  period  ty  utilizing  the 
inertia  of  the  measuring  device  and  after  this  device  is  adjusted  to  the  new 
position  of  equilitrium,  ,  .  ...  . 

Claims  allowed  -  1, 


(408)  MA.GNETISCHES  INSTRUMENT. 
(Magnetic  instrument) 


440,899 


...  (I 

Ernst  Ruhstrat  of  Gottingen, 

*  /  •  *  #  V 

Patent  issued  Eetruary  17,  1927. 

.  '  '.f*. 


This  patent  discloses  a  magnetic  instrument,  with  two  magnetic  needles 
oscillating  horizontally,  for 'measuring  the  horizontal  intensity  in  which  two 
directing  magnets  are  secured  one  above  the  unper  needle  and  the  other  below 
the  lower  needle;  the  force  of  these  magnets  is  calculated  so  th.at  one  needle 
is  kept  in  a  direction  opposite  to  the  earth’s  field  and  the  other  in  the 
direction  of  the  earth’s  field;  the  two  needles  are  thus  each  in  a  vieak  field, 
of  almost  equal  force  but  opposite  direction,  which  is  composed  from  the 
earth’s  field  and  directing  field. 


Claims  allowed  -  1. 
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(409)  MAGHETISCHE  WAAGE 

■  '  ■ •  _(Ma;ene.1^ic /balance) 

■  ■■  ■  ■  •  ^ 

•  ;  ,  Dr.  Hans  Haalck 'of  Berl in-St eglitz. 

441,171  Patent  issued  Eebruary  21,  1927. 

The  invention  concerns  a  magnetic  balance  "by  which  the  measurement e  of 
the  vertical  intensity  as  well  as  of  declination  can  he  made  with  an  accuracy 
equal  to  that  of  instruments  generally  used.  The  "beam  of  the  balance  des¬ 
cribed  in  this  patent  consists  of  two  or  more  magnetic  systems  crossing  one 
another  by  any  angle;  the  oscillation  plane  of  the  beam  is  made  rotatable 
so  that  the  adjustment  of  the  balance  beam  to  the  zero  position  is  possible. 

Claims  allowed  -  1, 

(410)  VARIOMETER  EUR  HORIZOMAL  UUD  VERTIKALINTENSITAT 
(Variometer  for  horizontal  and  vertical  intensity) 

' '  .  ■  •  ■  .11 

:  Ernst  Ruhstrat  of  Gottingen 

/  ♦ 

455.437  '  Patent  issued  February  1,  1928. 

f" 

This  invention  concerns  the  development  of  the  horizontal  variometer 
with  two  magnetic  needles.  By  ,this  development  the  measuring  of  the  vertical 
intensity  is  made  possible  also.  Operating  the  apparattis  Is  simplified 
besides,  ' 

Claims  allowed  -  2.  *  •  ■' 

(411)  MGHETI  SCHES  'mESSINSTHUIM? 

,  (Magnetic  .measuring  instrument) 

II 

,  Ernst  Ruhstrat  of  Gottingen 

455.438  '  -  Patent  issued  April  5,  1928, 

This  patent  discloses  a  development  of  the  original  patent  440,899 
in  which  instead  of  two  directing  magnets  only  one  is  used.  The  directing 
magnet  may  be  replaced  by  a  coil  throUj^  which  a  circuit  produced  by  an  ad¬ 
justable  direct  current  of  a  fixed  direction  and  strength  passes. 

Claims  allowed  •*  1,  '' 
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(412)  70PJIICHTU1TG  ZUR  VERKLEIUERUNG  DBS  TmiPERATaREIN-FiaSSES  BEI 

IvIAG2IETISCHM  WAAGM 

(Arrangement  for  diminishing  the  influence  of  tcmporature 

in  magnetic  halances) 

"Exploration”  Boden-Untersuchungs-u.  Verwertungs-G.  m.  h,  H. 

of  Berlin* 


471,228  Patent  issued  January  30,  1929. 

The  invention  for  diminishing  the  influence  of  the  temnerature  concerns 
an  arrangement  hy  which  the  reducing  of  the  magnetic  moment  in  case  of  the 
increase  of  the  temperature  is  compensated  in  a  simple  way.  This  compensa¬ 
tion  is  obtained  by  the  displacement  of  the  center  of  gravity  of  the  balance 
beam  closer  to  the  point  of  support  of  the  balance  beam. 

Claims  allowed  -  1, 
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lETRODUCTIOxT 

Pumice  and  pumicite  are  siliceous  volcanic  substances  quite  similar  in 
chemical  composition,  hut  somewhat  different  in  physical  prouerties,  manner 
of  formation,  and  mode  of  occurrence.  Production  in  the  United  States  has 
increased  from  23,271  tons  valued  at  $94,943  in  1910,  to  56,843  tons  valued 
at  $336,099  in  1930.  Both  pumice  and  uumicite  are  included  in  these  figures 
as  it  has  been  impractical  to  collect  statistical  data  on  the  separate  com¬ 
modities. 


1  -  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6560." 

2  -  Mining  engineer,  building  materials  section,  U.  S.  Bureau  of  Mines. 
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Pumice  occurs  in  California  and  Oregon,  bat  roach  of  the  •pumice  consumed 
in  the  United  States  is  iro-oorted  from  the  island  of  lipari  near  Sicily, 
either  in  uulverized  form  or  as  lump  uumice  which  may  be  subsequently  ground 
in  this  country.  Pumice  is  used  mainly  as  an  abrasive.  It  is  also  used  in 
construction  as  an  insulating  medium, ‘as  an  aggregate  in  concrete  and  acoustic 
plaster,  and  in  the  manufacture  of  lightweight  building  units,  the  development 
of  which  is  more  extensive  in  Europe  than  in  the  United  States. 

Kansas  and  California  produce  m.ost  of  the  domestic  pumicite,  although 
relatively  small  q’uantities  are  rained  in  a  few  other  States.  Pumicite  is 
used  largely  as  an  abrasive  agent  in  sco^uring  soaps  and  cleansing  compounds, 
and  as  an  admixture  in  concrete.  It  is  used  to  some  extent  in  -various  abrasive 
work  as  a  substi-tute  for  -pulverized  pumice. 

Assurance  of  adequate  markets  is  an  imuortant  consideration  for  prospec¬ 
tive  producers.  Consumers  us-ually  buy  abrasive  material  on  the  basis  of  exper¬ 
ience  as  to  its  suitability  to  their  own  particular  requirements  and  are 
seldom  interested  in  new  supplies  so  long  as  they  are  satisfied  with  that 
being  used.  Large  tonnages  for  concrete  work  generally  are  bought  on  the 
basis  of  exhaustive  preliminary  tests  on  material  from  the  most  economical 
so-urces. 

Pumice  or  pumicite  from  different  deposits  is  rarely  identical  in  physi¬ 
cal  properties..  Variations  in  texture  and  composition  affect  the  -value  of 
any  -par-tiqular,  deposit  and  must  be  fully  investigated  when  new  enterprises 
are  being  considered.  Efficient  abrasive  material  must  be  hard,  sharp,  and 
uniform,  in  text-ure  and  particle  size.  Abrasive  .qualities  depend  to  a  con¬ 
siderable  extent  upon  the  shape  of  the  individual  particles.  In  many  p-umicite 
deposits  the  particles  are  flat  or  plate-shaped,  and  consequently  tend  to 
slide  over  a  surface,  rather  than  to  abrade  it.  This  action  naturally  impairs 
the  -value  of  the  material  as  an  abrasive,  but  is  an  actual  advantage  in  mater¬ 
ial  -used  for  cleansing  and  scouring  compounds.  The ’presence  of  sand  grains, 
crystals  of  feldspar,  or  other  foreign  minerals  is  harmful  because  of  the 
liability  of  a  single  grain  to  scratch  polished  surfaces  ruinously.  A  like 
hazard  exists  with  l-ump  pumice  ha-ving  nonuniform  texture  or  cell  structure. 

In  construction  work,  the  chemical  as  well  as  the  physical  properties  of  the 
material  are  imuortant. 

Many  deposits  are  erratic  as  to  shape  and  extent,  Eor  this  reason  it' 
is  advisable  to  do  considerable  preliminary  exploration  work  in  order  to  make 
certain  that  a  given  deposit  is  large  enou^  to  warrant  any  extensive  expendi- 
t-ures  for  equi-pment  and  development. 

The  preparation  of  pumice  and  pumicite  for  market  appears  to  be  simple, 
but  producers  must  realize  that  the  pumice  and  -pumicite  industiy  as  a  whole 
is  highly  specialized  and  that  careful  technical  and  scientific  control  in 
all  departments  is  eminently  worth  while.  Too  li-ttle  attention  has  been 
given  in  the  cast  to  this  phase  of  the  domestic  industry,  and  undoubtedly 
this  accounts,  partly  at  least,  for  the  present  strong  market  position  of  imr- 
ported  material.  As  new  -uses  continue  to  be  developed,  an  even  greater 
appreciation  of  utilization  problems  will  be  demanded  from  the  producers. 
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Successful  oxploitation  of  ne77  deposits,  therefore,  depends  first  upon 
markets;  second,  unou  the  ability  to  produce  e-t  a  reasonable  profit  such  ma¬ 
terial  as  will  adequately  satisfy  specific  market  demands;  and  third,  upon 
s-iofficient  vision  to  evaluate,  and  courage  to  conform  vritli,  changing  indus¬ 
trial  conditions. 


DSniCTIOlT 

Pumice  is  a  cellular,  glassy  lava.,  usually  similar  in  composition  to  a 
rhyolite.  The  term,  as  commonly  apnlied,  means  material  essentially  unaltered 
since  its  formation, 

Pumicite,  on  the  other  hand,  is  an  accumnilation  of  finely  divided  glass¬ 
like  particles  blown  from  volcanoes  during  periods  of  eruption  and  subse¬ 
quently  more  or  less  classified  while  transported  by  winds.  It  nay  be  wholly 
unconsolidated,  or  the  individual  particles  may  be  more  or  less  cenBnted  to¬ 
gether  or  agglomerated.  Such  material  is  also  called  volcanic  dust,  volcanic 
ash,  tuff,  and  tufa.  For  this  material  the  term  "pumicite,"  however,  is  now 
commonly  accepted  throughout  the  industry,  and  is  to  be  preferred  to  the  term 
"volcanic  ash"  because  such  material  is  not  the  result  of  combustion.  The 
use  of  tufa  as  a  synonym  for  pumicite  should  be  discouraged,  because  in  correc 
usage  tufa  is  a  porous  calcium  carbonate  deposited  from  solution, 

Barbour^  states  that  — 

Pumicite  has  been  variously  called  geyserite,  volcanic  dust, 
volcanic  ash,  Gibson  grit,  diamond  grit,  native  pumice,  silica,  and 
the  lilce,******^For  all  of  these  we  have  substituted  the  name  wumi- 
cite,  a  self-explanatory  terra,  which  we  ’nave  used  for  some  years. 

It  is  unfortunate  that  volcanic  dust  should  ever  have  been  known  by 
the  misleading  term,  "volcanic  ash,"  However  close  the  resemblance 
may  be,  it  is  not  the  product  of  combustion  like  ash,  but  instead  is 
a  powdered,  glassy  rock.  In  the  outset  it  was  known  in  Nebraska  as 
geyserite,  beca^use  supposedly  produced  by  geysers.  S’urvival  of  this 
conception  is  to  be  noted  in  Geyserite  soap,  which  is  made  of,  pumi¬ 
cite.  Cf  late  •oumicite  has  acquired,  the  indefensible  name  of  silica. 
Though  a  silicate,  it  is  not  silica,  and  shotild  not  be  so  called. 

It  is  natural  glass,  atomized  by  volcanic  explosions.  Block  pumice, 
also  natural  glass,  when  atomized  by  ma.chinery  becomes  the  powdered 
pumice  of  commerce.  Our  beds  of  volcanic  dust  may  be  called  native 
uumice,  and  the  name  pumicite  seems  appropriate  and  self-defining. 

Tuff  is  a  more  inclusive  term  flian  pumicite  and  may  be  aisplied  to  frag¬ 
mental  pumice  and  to  pumicite  or  other  material  explosivelv  ejected  from 
volcanoes.  The  pieces  may  be  sorted  or  unsorted,  consolidated  or  incoherent. 


3  -  Barbour,  Erwin  E. ,  -^^ebra-ska  PumiciteJ  Nebraska  G-eol.  Survey,  vol.  4, 
pt.  27,  1916,  p.  358. 
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DSSCRTPTIQIT 

Appearance 

Ranice  looks  like  a  glassy  froth  with  innumerahle  vesicles  or  cavities, 
■usually  somewhat  elongated  and  parallel  one  with  another.  In  the  hetter- 
grade  deposits  these  congealed  or  solidified  huhhles  are  quite  uniform  in 
size  and  character.  Most  -numice  is  white  to  gray,  althou^  certain  varieties, 
"because  of  impurities  or  a  "basic  composition,  may  have  other  colors  such  as 
shades  of  red,  yellow,  "brown,  or  "black.  Most  -oumice  sparklos  in  "bri^t  sun¬ 
light  "but  some  varieties  have  an  earthy  appearance. 

Pumicite,  on  the  othor  hand,  looks  to  the  unaided  eye  like  very  fine 
closely-packed  glassy  sand*  In  the  "purer  deposits  the  color  is  white  to  light 
or  "bluish  gray;  impurities,  however,  may  cause  a  yellow,  "brown,  or  red  stain. 
Minute  sparkles  are  readily  noted  in  "bright  sunli^it,  Ivlagnified  particles 
show  marked  angularity  resem'bling  powdered  glass.  Many  are  rather  flat, 
others  are  triangular  or  dagger-s"haped  and  some  are  four  or  five  sided,  still 
preserving,  however,  angular  characteristics,  Rluted  structures  parallel  to 
the  long  axis  are  common.  Most  particles  appear  clear,  "but  some  grains  are 
translucent  and  others  exhi"bit  an  opaque  ropy  structure  liko  fused  glass. 

Chemical  Properties 

Pumice  and  pumicite  produced  from  acid  magmaa  are  similar  in  composition 
to  many  igneous  rocks  such  as  rhyolite  and  granite,  and  are  composed  mainly 
of  silica  in  the  form  of  complex  silicates  of  aluminum,  sodium,  potassium, 
calcium,  magnesium,  end  iron.  Material  of  this  nature  is  relatively  inert 
chemically  and  does  not  effervesce  in  hydrochloric  acid  as  do  car'bonates,  a 
property  sometimes  helpful  in  identification.  Material  from  some  deposits 
may  show  an  acid  reaction  with  litmus,  due  pro"ba"bly  to  traces  of  sulphur 
dioxide. 

An  analysis  of  typical  pumice  and  pumicite  would  show  a"bout  the  following 
chemical  composition: 


Per  cent 


Silica  (Si02)  .  72.0 

Alumina  (Al2C)3)  . 14,0 

Potash  and  soda  (K2O  and  lla20)  . 7.0 

Lime  and  magnesia  (CaO  and  MgO)  . . . .  2.5 

Iron  oxide  (Pe203  and  PeO)  . .  1.0 

Loss  upon  ignition .  3.5 


Individual  analyses  vary  somewhat  from  these  figures  and  some  material 
contains  small  quantities  of  other  su"bstances  such  as  titanium  oxide.  Pumice 
from  other  than  an  acid  magma  would  contain  less  silica  and  more  iron  oxide, 
lime,  and  other  "bases. 
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Fh^'-sical  Properties 

Por  the  individual  particles  or  cell  walls  the  hardness  of  pumice  and 
pnmicite  is  5.5  to  6,  or  about  as  haxd  as  feldspar  and  sli^tly  softer  than 
quartz.  The  true  specific  gravity  is  approximately  2.5,  althou^  the  appar¬ 
ent  specific  gravity  may  he  somewhat  less.  Lmp  pumice,  because  of  its  cellu¬ 
lar  structure,  may  even  float  readily  on  water,  indicating  a  specific  gravity 
of  less  than  1_,  The  grains  are  brittle,  but  the  sliarpness  persists  even  when 
finely  pulverized.  Mixed  with  water,  pumicite  settles,  with  no  tendency  to 
form  a  clay  like  suspension. 

In  texture,  pumicite  varios  from  loosely  consolidated  -particles  to  flint¬ 
like  material  with  the  individual  grains  tightly  cemented  together.  The  size 
of  individual  fragments  also  varies  considerably,  Landes^  lists  37  screen 
analyses  of  Kansas  material,  of  which  the  finest  and  the  coarsest  are  as 
follows ; 


Rawlins  County 
(finest) 
per  cent 


+20  mesh 

(0.833  ram.)  .  0.15 

-20  +100  mesh 

(0.833  mm.  to  0.147  ram.)  .  3,0 

-100  +200  mesh 

(0.147  ram.  to  0.074  ram.)  ,  11.0 

-200  +300  mesh 

(0.074  mm.  to  0.046  mm.)  .  28,0 


Hamilton  Co-unty 
(coarsest) 
per  cent 

13.0 

39.0 

39.0 


7.0 


-300  mesh 

(-0.046  mm.)  .  58.0  2.0 

100.15  100.0 

5 

Eardley-Wilraot  gives  the  following  screen  analysis  of  a  sam-ole  from  the 
Deadman  River  region,  B.  C. 

Mesh  Per  cent 


Retained  on 

35 

0 

48 

0.10 

65 

0.30 

• 

100 

0.60 

150 

0.80 

200 

14.50 

Through 

200 

83.60 

99.90 


4  -  Landes,  Kenneth  K. ,  Volcanic  Ash  Resources  of  Kansas;  State  Geol,  Survey 

of  Kansas,  Bull.  14,  April  15,  1928,  p.  13. 

5  -  Eardley-Wilmot,  V.  L. ,  Abrasives,  Part  I,  Siliceo-us  Abrasives;  Canada 

Dept,  of  Mines,  Mines  Branch,  1927,  p.  89. 
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Pumice 


The  finest  grades  of  imlverized  •pumice  are  used  for  finishing  silver¬ 
ware,  watch  cases,  and  other  kinds  of  metal  ware.  Much  is  cohs'umed  in  the 
electroplating  ind'ustry  for  cleansing,  scouring,  and  polishing.  The  very 
finest  air-floated  powder  is  used  in  certain  dental  preparations.  Pulver¬ 
ized  -pumice  is  also  used  in  making  mechanics’  soaps,  for  cleaning  plate 
glass,  in  the  manufacture  of  comhs,  pearl  "buttons,  in  pouncing  paper  for 
finishing  hats,  and  for  cutting  and  beveling  glass. 

Ground  pumice  lias  been  used  widely  in  finishing  wood  surfaces,  but  this 
utilization  is  confined  mainly  to  the  highest  grades  of  furniture  such  as 
pianos.  About  12  years  ago  large  quantities  of  -pumico  were  -used  for  finish¬ 
ing  automobile  bodies,  but  this  use  has  diminished  considerably.  Some  pumice 
is  also  used  in  t-umbling  barrels.  Ground  ■pumice  has  found  some  utilization 
in  putting  a  linen  finish  on  celluloid  collars,  but  this  use  has  been  abandonee 

Lump  -pumice  is  -used  for  hand  rubbing -of  stone,  such  -as  -marble,'  for  rubbing 
down  paint  surfaces,  for  finishing  automobile  bodies,  for  finishing  leather, 
in  lithographic  work,  and  to  a  considerable  extant  in  the  electroplating 
industry  for  cleaning  b-uffing  wheels.  A  small  quantity  of  the  highest-grade 
material  is  used  as  a  toilet  article. 

The  following  information  relating  to  the  various  grades  and  uses  of 
gro-und  and  1-ump  p-umice  was  derived  mainly  from  trade  literature  of  the  James 
H.  Rhodes  Co.  This  company,  however,  uses  different  designations  for  its 
gro-und  material;  their,  FT FF  grade  is  Icnown  as  No.  2600,  FFF  as  2601,  and  so 
on  to  grade  10  which  they  describe  as  No.  2613. 


Gro-und  Pumice 


Grade  Mesh 


Utilization 


FIFE  Very  finest  air-  Extremely  fine  work, 

floated  powder 


FIT 


-200 


Finishing  auto  bodies  and  for  certain  kinds 
of  soap. 


F 


-160 

-140 


Do. 

Do. 


0 


-100 


Glass  cutting  and  silver-plate  finishing 


-80 


Glass  beveling  and  Piano  finishing. 
Do. 
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Ground  Piaraice  (Continued) 


Grade  Mesh 


Utilization 


Qj  —60 

1  -50 

-48 


Grades  0-^  to  are  used  for  rou^  ruhhing 
in  piano  factories;  in  the  manufacture  of 
comhs,  pearl  buttons,  and  mechanics' soap. 


2  -40 

3  -30 


Finishing  certain  kinds  of  -oearl  Ixittons. 

Do. 


4 


Coarse  rubbing  of  liard  materials. 


7 

10 


From  sand  to 
pea  size 


Used  in  tiambling  barrels. 

Do. 


Lump  Pumice 


but  inferior  grade. 


Grade 

Description 

Utilization 

AA 

Small,  very  finest  quality. 

Automobile  : 

A 

Little  larger,  almost  same 
grade  and  quality  as  AA, 

Do, 

XXC 

Size  of  one  or  two  fists. 

Do, 

BBC 

Approximately  same  as  XXC, 

Do. 

WW  .  Finishing  stone  and  marble, 

LIT  About  7  inches  in  diameter.  Lithographic  work. 

HP  Similar  to  LIT,  inferior  grade.  Finishing  leather, 

1717  Lightwei^t,  in  bags.  Electroplating  work, 

BD  .  Cleaning  buffing  wheels  in 

electroplating  industry. 


Pumice  has  been  used  in  the  manufacture  of  vinegar  as  a  porous  nacking 
material  for  the  generators  which  convert  dilute  alcohol  into  acetic  acid. 
Pumice  is  utilized  in  construction  because  of  its  light  weight  and  its 
insulating  properties,  Tho  raanufact’ore  of  building  units  using  pumice  as 
aggregate  has  been  developed  much  more  intensely  abroad  than  in  America, 
althou^  recently  considerable  interest  has  been  shown  in  various  light¬ 
weight  building  materials  in  this  country.  In  southern  Italy  natural  pumice 
is  used  between  asphalt  coatings  for  insulation  of  floors  and  roofs.  Pumice 
aggregates  have  been  used  extensively  in  Germany  in  manufacturing  plates, 
hollow  blocks,  and  tiles  for  flooring.  The  advantages  claimed  for  such  ma¬ 
terial  are  li^tness,  heat  and  sound  insulating  qualities,  incombustibility, 
artistic  rough  surface  if  laid  up  without  any  coating,  and  a  surface  to 
which  plasters  readily  adhere  if  coatings  are  used. 

Tuff  has  been  used  successfully  as  a  building  stone  in  Arizona  and  in 
California,  and  pumice  stone  has  been  utilized  as  a  building  material  to 
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some  extent  in  other  localities.  Bricks  containing  pumice  aiid  cement  have 
"been  manufactured  in  the  upner  Rogue  River  district  of  Oregon  for  a  number 
of  years. 

Another  use  for  pumice  in  construction  is  in  the  form  of  acoustic 
plasters.  Much  interest  is  manifest  at  present  in  the  relation  of  sound  to 
bjiman  comfort  and  efficiency.  The  develoument  of  radio  and  tallcing  pictures, 
the  modern  trend  toward  apartment  dwellings,  increase  in  traffic  and  other 
city  noises,  and  other  factors  ha.ve  stimulated  research  as  to  how  sound  may 
he  controlled,  both  as  to  its  reception  and  its  insulation. 

Sound  reverberation  is  especially  objectionable  in  theatres,  moving 
picture  stages,  auditoriums,  churches,  and  similar  places.  Its  control  is 
based  mainly  upon  proper  design  of  interiors  as  to  shape  and  size,  and  upon 
the  character  of  the  wall  surface.  The  TTurposo  of  acoustic  plaster  is  to 
absorb  so^'and  waves  striking  the  walls,  with  as  little  reflection  as  possible. 
The  value  of  acoustic  material  is  dependent  largely  uuon  the  character  of 
the  exposed  surface  itself,  the  material. just  underneath  having  little  to  do 
with  acoustical  properties.  Pumice  has  been  used  in  place  of  sand  for  pre- 
uaring  acoustic  plasters  and  is  said  to  have  given  satisfactory  results.  It 
is  reported  to  the  bureau  that  the  sizes  used  for  this  type  of  work  are 
usually  minus  8  to  plus  30  mesh. 

Sound  insulation  or  sound  deadening  material  is  desirod  for  places  re¬ 
quiring  a  degree  of  soundproof ness.  Radio  broadcasting  studios,  offices, 
apartments,  hotels,  and  other  Icinds  of  buildings  require  sound  insulation 
in  varying  degrees.  Pumice  used  in  plaster, or  other  types  of  material  has 
been  found  to  possess  certain  sound  deadening  qualities.  Por  this  work  a 
grade  of  minus  10  to  plus  20  mesh  has  been  used,  whereas  minus  20  to  plus  40 
mesh  has  been  used  for  interior  stucco,  applied. directly  on  the  base  plaster. 
A  considerable  field  exists  for  further  development  of  both  acoustic  and 
sound  deadening  material, 

g 

lormand  quotes  Bigot  as  saying  that  pumice  can  be  pulverized  and  then 
agglomerated  with  "silicates'*  to  build  "a  new  type  of  furnace  for  glass  works, 
the  radiation  of  which  is  very  sli^t,  and  which  allows  work  to  be  carried 
out  quite  close  to  the  furnace  itself,  thus  reducing  the  amount  of  labor 
necessary." 


Pumicite 

Pumicite  is  used  extensively  as  an  abrasive  in  cleansing  and  scouring 
compounds,  in  mechanics'  soap  and  preparations  of  similar  character.  Waste 
vegetable  oils  such  as  cottonseed  oil  may  be  saponified  and  used  as  the 
soap  content. 


As  a  substitute  for  greond  pumice,  some  pumicites  are  used  in 'electro¬ 
plating  with  gold,  silver,  and  nickel,  and  in  the  manufacture  of  pearl  buttons. 
Other  uses  as  an  abrasive  are  in  tooth  pastes  and  powders,  metal  polishes,  and 
rubber  erasers.  It  can  also  be  molded  into  tablet  form  for  household  and 
toilet  use. 


6  -  Lormand,  Charles,  Paris  Letter: 
pp.  171-172. 


Jour.  Ind.  Eng.  Chem, ,  vol,  13,  Eeb.,  1921, 
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Pumicite  is  used  to  a  consideralDle  extent  as  an  admixture  to  concrete  in 
dams  and  other  types  of  massive  construction,  in  grain  elevators,  and  also  for 
general  concrete  work.  It  is  claimed  that  4  to  5  pounds  per  sack  of  cement 
added  to  the  mix  results  in  greater  uniformity  of  the  concrete,  increases  the 
workability  of  the  mix,  and  hinders  segregation  of  the  other  aggregates.  The 
use  of  pumicite  as  a  cement  admixture  in  the  construction  of  grain  elevators 
is  said  to  facilitate  slipping  the  forms  upward  as  the  concrete  work  progresses. 

In  the  construction  of  the  Los  Angeles  Aqueduct  pumicite  was  blended  in 
equal  parts  by  volume  with  hydraulic  cement  to  make  what  was  called  '’tufa  ce¬ 
ment,"  The  details  of  this  utilization  are  fully  described  in  the  Transactions 
of  the  American  Society  of  Civil  Engineers,  vol,  76,  1913,  page  520,  and  the 
results  are  summarized  in  the  "Final  Report,  Construction  of  the  Los  Angeles 
Aqueduct,"  published  by  that  city,  Pumicite  was  also  used  in  the  Niobrara  Dam 
at  Valentine,  Nebr,  Besides  having  been  employed  in  a  number  of  other  struc¬ 
tures  in  the  Western  States,  a  considerable  tonnage  is  reported  under  contract 
for  the  Los  Angeles  flood  control  district, 

Pumicite  has  been  used  to  some  extent  as  an  insulating  material  for  33ack- 
ing  steam  and  water  pines,  for  lagging  boilers,  and  for  lining  cold-storage 
rooms.  It  has  also  been  used  in  filter  cells,  in  paints  as  a  filler,  and  in 
sweeping  compounds.  Much  of  the  pumicite  produced  is  consumed  by  soap  manu¬ 
facturers  who  have  their  own  specifications  for  the  material,  depending  upon 
the  product.  To  some  extent  the  classification  FFP,  FF,  F,  0,  1  and  so  on, 

which  applies  to  ground  pumice  is  also  given  to  puraicite, 

ORIGIN  AND  OCCURRENCE 

Lava  is  a  general  terra  apulied  to  molten  rock  forced  out  from  volcanoes. 
Lavas  range  in  composition  from  acid  to  basic,  or  from  a  rhyolite  which  con¬ 
sists  mainly  of  quartz,  orthoclase,  microcline,  or  the  acid  plagioclase  feld¬ 
spars  such  as  albite  and  oligoclase,  to  basaltic  rocks  which  are  mostly  lacking 
in  these  minerals  and  are  composed  principally  of  labradorite  and  anorthite  of 
the  plagioclase  feldspars,  pyroxene,  olivene,  or  other  minerals  less  siliceous 
than  those  characterizing  the  so-called  acid  rocks, 

Basic  lava  behaves  differently  from  acid  lava.  Since  a  basic  lava  softens 
at  a  comparatively  low  heat  and  is  characteristically  liquid  almost  down  to 
its  freezing  point,  it  will  usually  flow  quietly  from  a  volcano.  Inasmuch  as 
the  internal  pressure  is  relieved  with  little  tendency  for  explosive  eruption, 
uumice  is  rarely  formed  from  basaltic  lavas.  Deposits  of  pumiceous  basalts, 
however,  do  occur  in  the  Sandwich  Islands;  such  material  is  commonly  yellow  or 
brown  in  color,  but  may  be  pitch  black  when  freshly  exposed. 

Acid  lavas,  on  the  ether  hand,  melt  at  relatively  hi^  temperatures  and 
are  likely  to  be  quite  viscous  when  even  slightly  chilled.  At  temperatures 
which  would  have  little  effect  upon  a  basic  lava,  they  are  apt  to  harden  or 
cease  to  flow  readily.  Such  stoppages  in  the  earth’s  vents  or  safety  valves 
(which  volcanoes  practically  are)  cause  enormous  pressures  to  build  up  until 
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the  force  hecomes  po^irerful  enough  to  break  through  or  blow  out  the  plugging 
material.  This  may  happen  with  such  explosive  violence  as  to  hurl  enormous 
masses  of  material  out  from  the  volcano,  sometimes  disrupting  the  mountain 
itself  and  spreading  destruction  for  miles  around.  Examples  of  comparatively 
recent  violent  eruptions  that  have  created  vast  quantities  of  pumiceous  ma¬ 
terials  are  those  of  Mt,  Pelee  on  the  island  of  Martinique,  Krakatoa  in  the 
East  Indies,  Zatmai  on  the  Alaskan  Peninsula,  Vesuvius  in  Italy,  and  Mt, 

Colima  on  the  west  coast  of  Mexico, 

Luring  volcanic  activity  different  conditions  favor  the  formation  of 
uumice,  pumicite,  and  various  extrusive  or  intrusive  igneous  rocks.  Forma¬ 
tion  of  pumice  requires  usually  a  raolton  acid  lava,  highly  impregnated  with 
gases,  with  conditions  of  temp'^^rature,  pressure,  and  extrusion  such  as  to 
permit  the  gas  to  expand  in  the  hot  lava  forming  bubbles  or  threads  and 
fibers  with  thin  glasslike  walls  between  the  colls.  The  vesicles  must  not 
exuand  to  the  point  of  disruption,  and  the  walls  must  harden  rapidly  enou^ 
to  prevent  collapse  upon  any  release  of  pressure  and  to  prevent  the  forma¬ 
tion  of  mineral  crystals.  Contamination  with  nonpumiceous  materials  such  as 
rhyolite,  felsite,  scoriae,  and  obsidian  are  objectionable  from  a  commercial 
viewpoint.  Deposits  of  pumice  are  always  found  near  centers  of  volcanic 
activity.  Some  occurrences  are  Hiassive  and  capable  of  yielding  TJumice  in 
lump  f orm.  Other  deposits  of  pumice  are  quite  loosely  consolidated,  being  in 
the  form  of  sand  or  gravel, 

subtly  different •  conditions  such  as  greater  pressure  and  consequently 
a  greater  explosive  force  may  produce  pumicite  or  volcanic  dust.  In  eruptions 
of  this  character  a  portion  of  the  lava  may  be  spumed  into  the  air  in  very 
fine  particles,  not  unlike  pulverized  glass,  accompanied  by  water  vapor,  gases, 
and  fragmental  volcanic  rocks.  Much  of  the  dustlike  matter  is  borne  hundreds 
and  some  of  it  thousands  of  miles  by  air  currents.  Heavy  particles  drop 
relatively  near  the  source  while  the  finer  and  more  buoyant  material  is  de¬ 
posited  at  greater  distances,  so  that  a  certain  classification  by  particle 
size  is  accomplished. 

The  dust  may  settle  in  water  or  on  land  and  may  be  reworked  by  wind  and 
stream  action.  The  loose,  unconsolidated  material  behaves  much  like  drifting 
snow  or  sand,  and  much  of  it  is  eventually  carried  away  by  streams.  It  may, 
however,  drift  into  natural  land  depressions  where  it  is  subsequently  buried. 
Deposits  in  the  older  geological  formations  are  often  too  greatly  contaminated 
with  impurities  to  be  of  commercial  importance  at  present,  Somo  deposits  are 
found  in  old  lake  beds  and  may  contain  silt,  clay,  skeletons  of  diatoms,  and 
other  fossil  material.  Again  they  may  be  covered  by  lava  flows  or  other  vol¬ 
canic  formations,  and  where  deposition  has  been  in  shallow  seas,  lakes,  or 
ponds,  the  pumicite  beds  may  become  buried  under  sedimentary  strata.  Many  of 
the  commercial  deposits  even  in  Kansas,  Nebraska,  and  Oklahoma  are  lens-shaped, 
grading  laterally  into  sand  or  loess.  They  also  contain  islands  of  other 
material  and  are  usually  covered  by  loess,  sand  and  gravel,  or  soil. 

Extinct  volcanoes  in  the  Rocky  Mountain  region  are  thought  to  have  been 
the  source  of  pumicite  in  the  States  of  the  Great  Plains  region,  and  probably 
a  number  of  volcanoes  contributed  to  these  deposits. 
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Pumlceous  material  13  airuiioant  in  red  clay  foiand  in  ocean  deepe,  Al¬ 
though  scsne  may  have  been  formed  from  submarine  volcanoes,  most  of  It  proba-^ 
bly  was  deposited  on  the  surface  of  tho  ocean  and  sank  as  it  became  water¬ 
logged,  yioating  deposits  of  such  material,  as  much  as  5  feet  thick,  have 
been  reported  after  violent  volcanic  eruptions, 

DEPOSITS  IN  TEE  UNITED  STATES 

Commercial  deposits  of  pumice  and  pumicite  occur  in  California,  Kansas, 
Nebraska,  Nevada,  Oklahoma,  and  many  other  Western  States,  No  attempt  is 
made  here  to  list  all  potential  or  undeveloped  deposits  of  pumicite.  Vol¬ 
canic  materials  are  abundant  in  many  of  the  Western  States,  and  vary  in  tex¬ 
ture  from  the  hard  dense  lava  flows  to  the  true  pumice  and  pumicite.  }Jiach 
of  the  material  is  associated  with  tuffs  of  all  kinds,  which  include  the  in¬ 
durated  pumicite,  scoriae,  and  other  psaterials  peculiar  to  volcanic  formations. 
The  occurrences  described  in  the  following  paragraphs  include  only  thoso  in 
districts  frem  which  production  of  pumicite  has  been  reported  to  the  bureau, 
or  about  which  definite  information  is  available  ns  to  characteristics. 

Arizona.  -  Commercial  deposits  of  ptoicite  occur  in  Yuma  County  near 
Bouse* 

ArkancaB-Louis iana.  -  Beds  of  volcanic  tuff  occur  in  the  Cretaceous  and 
Tertiary  formations  of  this  region.  The  material  is  encountered  in  deep  wells 
and  is  useful  only  in  so  far  ns  it  forms  key  beds  that  aid  in  the  proper  corre¬ 
lation  of  other  geological  formations, 

California.  -  Pumice ous  material  occurs  in  many  counties  in  California, 
but  pumicite  is  produced  mainly  from  Eresno,  Mono,  Eem,  and  San  Luis  Obispo 
Counties,  Siskiyou,  Inyo,  Mono,  and  Imperial  Counties  are  the  more  important 
sources  of  pumice, 

Colorado.  -  Deposits  of  pumicite  of  varying  grades  -are  abundant  in  the 
eastern  part  of  Colorado. 

Iowa,  -  A  bed  of  pumicite  1  foot  thick  has  been  reported  from  Des  Moines, 
occurring  below  the  Wisconsin  glacial  drift  and  above  the  Peorian  loess. 

This  material  appears  to  be  only  o"^  scientific  interest,  perhaps  indicating 
the  eastern  limits  of  tho  pumicite  in  the  Great  Plains  region, 

-  Extensive  deposits  of  pumicite  from  16  to  20  foet  thick  are 
worlced  in  Meade  Ccuuty  near  Eowlcr,  Over  the  pumicite  is  about  15  feet  of 
sand  an!^.  soil  overburden.  Other  deposits  occur  in  f?h0ndan,  Norton,  Rawlins, 
and  Sewrrd  Count ie<i.  Minor  occtirronces  hare  been  found  in  many  other  counties 
pf  the  State,  some  of  which  have  yielded  small  tonnages, 

Montana.  -  Pumicite  occurs  in  many  counties  of  Montana,  the  more  exten¬ 
sive  deposits  being  in  Gallatin  County  where  the  material  occurs  in  layers 
about  5  feet  thick  between  impure  beds  of  pumiceous  material,  the  entire 
forraattou. having  a  thicknoas  of  100  to  1,000  feet. 


10110 ■ 


-  11 


Netiraska.  -  At  one  time  Nebraslca  led  in  the  production  of  pumicite,  hut 
the  industry  has  lagged  considerably  since  the  development  of  the  Kansas 
deposits,  Pumicite  is  found  in  nearly  every  county  of  the  State  and,  as  in 
Kansas,  coarse  material  occurs  in  the  western  part  and  fine  material  to  the 
east.  Most  deposits  are  overlain  hy  a  mantle  of  loess  which  has  been  partly 
removed  by  erosion.  Denosits  are  worked  in  ■Frontier  Co'unty;  other  important 
deposits  occur  in  Harland  County. 

Nevada,  -  Extensive  deposits  of  pumicite  occur  in  Ne-vada,  but  so  far 
there  has  been  little  production  from  this 'State, 

Cklahpraa,  -  A  number  of, deposits  have  been  found  in  Oklahoma,  but  little 
if  any  pumicite  is  being  produced  at  present.  The  largest  occurrences  are 
in  the  northeastern  ]:Brt  of  the  State  near  Gate  close  to  the  boundary  of 
Harper  and  Beaver  Counties,-  where  a  thickness  of  80  feet  has  been  reported. 
Other  deposits  have  been  found  west  of  Woodward,  northeast  from  Custer  City, 
and  northwest  from  Wetunka,  where  a  small  tonnage  has  been  produced,  Buttram"^ 
reports  deposits  in  Beaver,  Harper,  Woodward,  Woods,  Blaine,  Custer,  Kay, 
Oicfuskee,  Hu^es,  and  Haskell  Counties.  - 

Oregon.  -  Pumicite  occurs  in  eastern  Oregon  and  important  deposits  are 
found -in  the  -valley  of  the  Deschutes,  Klamath,  and  Umatilla -Rivers, 

South  Dakota.  —  A  commercial  deposit  of  pumicite  occurs  at  Winner  in 
Tripp  County;  it  is  utilized  in  the  manufacture  of  powdered  soap, 

Texas.  -  A  deposit  of  pumicite  has  been  reported  from  Dickens  County, 

50  miles  northwest  from  Double  Mo-untain, 

Washington.  -  Pumicite  has  been  reported  from  the  vicinity  of  varicus 
volcanic  peeiks  such  as  Mount  St.  Helena, 

«•  "  *  , 

<1 

Wyoming.  -  A  deposit  of  pumicite  4  feet  thick  has  been  reported  near 
Sportsman  lake  8  miles  west  of  the  station  of  Tie  Siding  on  the  Union  Pacific 
Railway.  , 


DEPOSITS  IN  CANADA 

Extensive  beds  of  pumicite  occur  in  the  vicinity  of  Waldeck,  Saskatchewan, 
on- -the-  Canadian  Pacific  Railway,  11  miles  northeast  of  Swift  Current.  British 
Columbia  has  reported  pumicite  from  Dead  Man's  River,  Arrow  Lake,  Haig,  and 
Elko.  .  ■  •  ...  . 


-  •  •  MINING  .-  .  ... 

Pumice  and  pumicite  are-.rained  both  by  surface  excavations  and  underground 
methods,  but  for  operations  handling  a  large  tonnage,  open-pit  methods  gener¬ 
ally  have  been  adopted,  Fnere  open-pit  methods  are  employed  the  overburden, 
which  usually  is  loess,  sand,  or  soil,  is  removed  by  hand,  team  and  scrapers, 
or  power  shovels.  In  some  operations  a  thin  layer  of  overburden  is  left  to 

7  -  Buttram,  Frank,  Volcanic  Dust  in  Oklahoma:  Oklahoma  Geol.  Survey,  Bull.  13, 
Dec,,  1914,  p.  34. 
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^  TJrotect  the  tuider lying  -pumicite  •until  it  is  rained.  A.t  other  deposits  the  . 
entire  thickness  is  removed  from  as  much  of  the  area  as  may  "be  required* 

!rhe  pumicite  is  then  dug  ty  pick  and  shovel,  loaded  into  wagons,  and  carted 
to  the  mill  or  to  the  ehippiiig  point.  Power  shovels  are  used  in  some  oper¬ 
ations,  Little  or  no  blasting  is  required. 

At  the  operations  of  the  Pumicite  Co.,  Powler,  Eans', ,  overburden  con¬ 
sisting  of  8  to  10  feet  of  soil  is  removed  with  a  1-ton  Lorraine  gasolino 
shovel.  Hand  shovels  are  used  to  clean  up  the  surface  of  the  exposed  pumi¬ 
cite,  which  is  subsequently  mined  in  much  the  same  mannar  that  the  overburden 
is  removed.  Animal  burrows,  filled  with  dirt  and  clay,  are  found  in  the  beds 
of  pumicite  and  most  be  carefully  separated. 

The  Fresno  Estate  Co.,  Frosno,  Calif.,  with  deposits  on  the  McKenzie 
Ranch  about  3  miles  from  Friant  on  the  Southern  Pacific  Railroad,  mines 
pumicite  by  drifts  into  the  dome-shaped  hills,  which  rise  about  80  feet  above 
the  general  ground  level.  These  domes  are  virtually  solid  pumicite,  except 
for  about  4  feet  of  overburden.  Ho  explosives  are  used  in  the  mining,  v/hich 
is  done  by  pick  and  shovel. 


PREPARATION  FOR  MARKET 

liilling  operations  consist  essentially  in  freeing  the  individual  particle 
from  one  another,  removing  excess  moisture,  eliminating  im'parities  such  as 
clay,  concretions  and  other  harmful  substances,  grading  the  pumicite  particles 
to  the  sizes  desired,  and  pacicing  for  shipment. 

At  the  pumicite  deposits  of  the  Middle  West  little  or  no  crushing  or 
grinding  is  necessary  to  free  the  pumicite  grains.  At  the  operation  of  the 
Cudahy  Packing  Co.,  in  Meade  County,  the  pumicite  is  shoveled  by  hand  from 
the  q'uarry  floor  into  wagons,  which  transport  the  crude  material  to  the  mill. 
There  it  is  dumped  or  shoveled  into  hoppers  and  then  fed  into  an  inclined 
oil-burning  rotary  kiln  where  the  VTater,  which  may  be  as  much  as  20  per  cent 
of  the  weight  of  crude  material,  is  driven  off.  The  dried  pumicite  is  passed 
throu^  a  revolving  5-raesh  screen  to  air  separators.  The  oversize  from  the 
screen  and  the  overwei^t  from  the  air  separators  are  rejected.  Graded  pumi¬ 
cite  is  packed  in  paper-lined  freight  cars  and  shipped  to  Chicago,  where  2 
per  cent  of  soap  is  added  to  make  a  well-known  cleans ing  corapo'imd. 

At  Fowler,  Kans.,  the  pumicite  is  taken  from  the  pits  to  the  mill  (which 
has  a  capacity  of  100  tons  a  day)  and  proceeds  successively  thro'ugh  a  pan 
Tjulverizer,  rotary  oil-fired  driers,  Tyler  Hum-mer  screens,  and  a  Bates  j)ack- 
ing  machine.  The  product  grades  90  per  cent  throu^  200  mesh,  reject  from 
the  screens  being  returned  to  the  pan  pulverizer.  Two  rotary  driers  are  used, 
each  being  6  feet  in  outside  diameter.  One  is  26  and  the  other  52  foet  long. 
The  inner  compartment  consists  of  a  chamber  the  length  of  the  drier,  but  30 
inches  square  in  cross  section.  This  shape  has  been  fo'und  most  suitable  for 
handling  and  drying  the  pumicite,  the  square  section  having  a  tendency  to 
break  up  the  material  and  to  prevent  rotational  slippage. 
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Bulk  crude  pumicite  may  "bd  shipped  in  paper-lined  hex  cars,  hut  most  of 
the  prepared  or  refined  material  is  packed  . in  3— ply  paper  sacks  weighing  40 
pounds  each. 

The  La  Rue-ibctell  Pumice  Co.,  Eustis,  Nehr,,  mines  its  material  in  open 
pits.  The  first  step  in  milling  is  to  remove  the  moisture  in  rotary  shell 
driers,  both  coal  and  distillate  having  been  used  for  fuel.  The  material  is 
subsequently  screened  to  sizes  varying  from  40  to  90  per  cent  through  250 
mesh.  The  pumicite  is  packed  for  shipment  in  paper  bags  of  75  pounds,  burlap 
bags  of  100,  150,  or  200  pounds,  or  in  barrels  of  300  to  350  pounds  capacity. 

At  Presno,  Calif.,  crude  material  is  passed  through  a  revolving  cylinder 
equipped  with  paddles,  which  pulverize  the  lumps.  This  single  mill  operation 
produces  a  powdered  product  of  which  98,8  per  cent  will  pass  a  325-mesh  screen. 
Only  one  grade  of  pumicite  is  produced,  most  of  which  is  used  in  concrete. 
Shipments  are  made  in  bulk  and  in  80-pound  burlap  sacks. 

The  California  Quarries  Corporation,  with  quarries  at  Tom,  Mono  County, 
Calif,,  mines  pumice  from  a  hill  deposit  with  a  gasoline  shovel.  The  pumice 
occurs  mixed  with  quartz  sand  which  is  removed  by  passing  the  crude  material 
over  dry  concentrating  tables.  The  separation  is  quite  easily  made  because 
the  -pumice,  due  to  its  porous  structure,  is  lighter  than  the  sand.  Pumice  from 
the  concentrating  tables  is  screened  to  the  desired  sizes,  the  oversize  being 
passed  tlirough  a  system  of  roll  efushers.  Pumice  that  is  used  with  gypsum  for 
plaster  work  is  dried  in  rotary  driers,  packed  in  burlap  sacks  of  80  pounds 
each,  and  transported  by  an  overhead  tram  to  a  warehouse  on  the  railroad. 

Virt-ually  all  sizes  of  pumice,  from  •!:  inch  to  minus  60  mesh,  are  produced. 
Most  of  the  product  is  used  in  acoustic  plaster  and  is  sized  to  minus  8  and  plus 
30  mesh.  Sizes  plus  8  and  min-us  30  mesh  are  used  for  concrete  work. 

Most  domestic  pumice  and  pumicite  is  prepared  for  market  in  the  Middle 
West  or  West,  whereas  much  of  the  Italian  pumice  imported  for  domestic  con¬ 
sumption  is  milled  in  the  East.  American-gro-und  Italian  pumice  is  prepared 
from  small  pieces  of  high-grade  material  (pezzame)  which  is  shipped  in  bags 
to  America  for  further  preparation. 

In  the  plant  of  the  Jamec  H.  Rhodes  Co.,  at  Dutch  Kills  Canal,  Long 
Island  City,  U.  Y. ,  bags  of  pumice  are  transferred  from  lifters  and  dumped 
into  a  large  ele-vator  pocket.  This  material  has  already  had  a  preliminary 
sorting  and  grading,  impurities  such  as  obsidian,  particles  of  iron,  and  in¬ 
ferior  grades  of  stone  having  been  removed  at  the  island  of  Lipari.  After 
being  elevated  to  storage  bins  the  material  is  crushed,  screened  and  subse¬ 
quently  carefully  dried.  The  pumice  is  then  sent  through  a  series  of  bolting 
machines  where  it  is  sifted  throu^  Swiss  silk  and  sized  to  the  -various  desired 
grades.  Patented  machines  are  used  to  pack  the  material  for  shipment  in 
barrels  lined  with  crinkled  paper. 
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D0t£ESTIC  PRODUCTION 

The  following  production  figures  of  iJumice  and  pumicito  sold  or  used  “by 
producers  in  the  United  States,  1920  to  1930,  have  been  compiled  hy  Miss  A. 
E.  Davis  of  the  United  States  Bureau  of  Mines. 


Pumice  and  Puraicite  Sold  or  Used  by  Producers 

in  the  United  States,  1920-1930 


Year 

Short  tons 

Value  1 

Value  per  short  ton 

1920 

41,833 

^  ■  ■  H 

$114,433 

$2.74 

1921 

37,108 

158,540 

4.27 

1922 

45,262 

175, 600 

3.88-  . 

1923 

56,575 

214, 169 

3.79 

1924 

43,651 

190,253 

4,36  . 

1925 

40,380 

179,020 

4.43 . 

1926 

53,887 

208,504 

3.87 .  ■  . 

1927 

53,298 

221,481 

4.16 .  . 

1928 

57,430 

278. 516 

4.85 . 

1929 

67,013 

353,064 

5.26  •  • 

1930 

56,043 

336,099 

5.91 

IMPORTS 

More  than  90  per  cent  of  all  pumice  imported  into  the  United  States  comos 
from  Italy,  where  it  is  mined  in  the  Lipari  Islands  just  north  of  Sicily. 
Germany  is  second  in  importance,  and  imports  from  other  countries  are  virtually 
negligible.  Imports  of  pumice  for  consumption  from  1919  to  1930  are  given  in 
the  following  tables; 


Imports  for  consumution;  Crude  or  Unmanufactured ’Purtide  Valued  at  $15 

a  Ton  or  Less,  1919-1930 


- 

Year 

Rate  of  duty 

Q,uantity,  ' 
long  tons 

Total ■ ■ 
value 

Value  per 
long  ton 

1919 . 

5  per  cent 

4,044 

$26,003 

$6.43 

1920  . 

do 

7,992  . 

,  53,067 

6.64 

1921 . 

do 

2,216  . 

.  15,180 

6,85 

1922  (Jan.  1-Sept.  21) 

do 

4,881  . 

34,362 

7.04 

1922  (Sept.  22-Dec.  31) 

l/lO  cent 
per  pound 

2.516  . 

.  17,714 

7.04 

1923  . . 

do 

10,868  . 

71,730 

6.60 

1924  . 

do 

7.995 

.  .  70,  977 

8.88 

1925  . 

do 

8,457  . 

86,  992. 

10.29 

1926  . 

do 

8,371 

85, 141 

10.17 

1927  . 

do  '  •  ' 

7, 821  . 

'85,591 

10.95 

1928  . 

'  do 

9.206 

94,804« 

10.30 

1929  . 

do 

8,310 

84,718 

10.19 

1930  . 

do 

5,570 

55,014 

9.88 
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Imports  for  Consumption;  Crude  or  Umnanufactursd  Pumice  Valued 
at  More  Than  $15  a  Ton,  1919-1930 


Year 

Rate  of  duty 

Q,uantity, 
lonjs;  tons 

Total 

Value 

Value  per 
long  ton 

1919  . 

5  per  cent 

1,190 

$47,617 

$40.01 

1920  . 

do 

2,387 

90,711 

38.00 

1921  . 

do 

371 

13,569 

36.57 

1922  (Jan.  1-Sept.  21) 

do 

650 

21, 680 

33.35 

1922  (Sept.  22-Dec.  31) 

cent  per 
pound 

47 

1,557 

33,13 

1923  . 

do 

125 

5,970 

47,76 

1924  . 

do 

109 

5,129 

47.05 

1925  . 

do 

598 

11,600 

19.40 

1926  . 

do 

190 

5,745 

30.24 

1927  . 

do 

151 

4,783 

31.68 

1928  . 

do 

704 

18,654 

26.50 

1929  . 

do 

323 

11,056 

34.23 

1930  . ■. . 

do 

240 

9,312 

38.80 

Imports  for  Consiimption:  Pumice  Wholly  or  Partly  Manufactured, 

1919-1930. 


Year 

Rate  of  duty 

Quantity, 
long  tons 

Total 

Value 

Value  per 
long  ton 

1919  . 

cent  per 
pound 

1,975 

$44, 692 

$22.73 

1920  . 

do 

3,948 

103,683 

26.26 

1921  . 

do 

948 

19,170 

20.22 

1922  (Jan.  1-Sept,  21) 

do 

1,954 

31,095 

15.91 

1922  (Sept.  22-Dec,  31) 

55/100  cent 
per  pound 

886 

11,414 

12.88 

1923  . 

do 

2,504 

48,194 

19.25 

1924  . 

do 

2.425 

33,781 

13.93 

1925  . 

do 

2,670 

30,873 

11.57 

1926  . 

do 

2,753 

36,843 

13.38 

1927  . 

do 

2,009 

32,019 

15.94 

1928  . 

do 

3,825 

43,471 

11.36 

1929  . 

do 

4,051 

46,838 

11.56 

1930  . 

do  (a) 

3,158 

29,673- 

9.40 

(a)  Effective  June  18,  1930,  the  duty  on  wholly  or  partly  manufactiired  pumice 

was  advanced  from  55/100  cent  per  pound  to  3/4  cent  per  pound.  - 
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Im-ports  for  cons'uin'otion;  Manafactures  of  Pumice,  or  Mairafactures  of 
which  Pumice  is  the  Component  Material  of  Chief  Value. 

1919-1930 


Year 

Rate  of  duty, 
per  cent 

Quantity, 
long  tons 

Total 

value 

Value  per 
long  ton 

1919 . 

25 

25 

25 

25 

35 

35 

35 

35 

35 

35 

35 

35 

35 

$1,469 

2,534 

3,586 

636 

836 

2,709 

1,397 

995 

1,720 

1,681 

2.507 

1,332 

388 

1920  . 

. 

1921  . 

1922  (Jan.  1-Sept.  21) 

1922  (Sept.  22-D9C.  31 ) 

1923  . 

1924  . 

1925  . . 

1926  . . 

9.38 

18.32. 

12.40 

/4.77 

9  •  •  0  • 

$92.88 

152,78 

112,66 

208,59 

1927  . 

1928  . . 

1929  . 

1930  . 

,  IIAJIIFF  .  ,  ■■ 

O 

Tho  tariff  act  of  1930  makes  the  following  provisions  for  duties  on 
numice  stone:  •  '  .  . 


Pumice  stone,  unmanufactured,  valued  at  $15  or  less  per  ton,  one- 
tenth  of  1  cent  per  nound;  valued  at  more  than  $15  per  ton,  one-fourth 
of  1  cent  per  pound;  wholly  6r  partly  manufactured,  three-fourths  of  1 
cent  per  pound;  manufactures  of  pumice  stone,  or  of  which  rrumico  stone 
is  the  component  material  of  chief  value,  not  specially  provided  for, 

35  per  centum  ad  valorem, 

:  , 

ITALY 

Vesuvius  has  heen  the  source  of  much  of  the  Italian  pozzuolana  cement, 
so  named  from  the  town  of  Pozzuoli  near  Naples.  The  cement  was  made  in  part 
from  pumicite  and  was  used  extensively  in  constructing  the  famous  Roman  walls, 
aqueducts,  and  other  historic  structures.  The  Roman  Pantheon,  more  than  2,000 
years  old,  is  a  striking  example  of  the  durability  of  this  kind  of  construction. 
The  old  Roman  harbor  works  at  Porto  Trejano,  Porto  d'Anzio  near  Rome,  and 
Porto  Adriano  near  Bari  are  examples  of  this  kind  of  cement  used  as  hydraulic 
material.  The  practice  of  using  pozzuolana  materials  was  revived  about  1882, 
and  the  results  are  said  to  have  been  uniformly  satisfactory  since  1888. 

The  pumice  exported  to  the  United  States,  however,  comes  from  high-grade 
deposits  on  the  barren  and  relatively  inaccessible  island  of  Lipari  about  22 

8  -  Tariff  Act  of  1930,  par.  205,  p.  15.  ' 
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miles  from  the  northern  coast  of  Sicily,  The  best  material  occurs  along 
the  eastern  and  northern  coasts  in  the  vicinity  of  Canneto  where  American- 
owned  mills  and  warehouses  are. located. 

High-grade  pumice  occurs  in  flat-lying  veins  or  beds  with  related  mater¬ 
ial  known  locally  as  "lanillo."  Mining  pumice  by  nicks  and  shovels  in  exca¬ 
vations  on  the  surface  or  underground  by  means  of  rude  drifts  and  crosscuts, 
has  been  the  occupation  of  the  natives  for  many  years  and  is  their  only  means 
of  livelihood  at  present.  Little,  if  ar-y,  timbering  is  done,  and  individual 
workings  are  quite  apt  to  cave  before  all  available  pumice  can  be  removed. 

Men,  women,  and  children  engage  in  the  work,  toiling  from  12  to  14  hours  at 
wages  that  range  from  20  to  40  cents  a  day.  The  pumice  is  loaded  into  baskets 
and  carried  to  the  women  and  children  who  sort  the  chunks  into  various  grades, 

Althou^  some  lumn  pumice  is  exported  in  the  crude  state,  most  ’of  it  is 
smoothed  with  files.  Pieces  smaller  than  4  inches  and  sometimes  larger  ones 
of  hard  and  inferior  quality  are  rolled  in  heavy  tin-plate  cylinders.  The 
highest  grade  lumps  arc  wrapped  in  tissue  paner,  and  packed  with  excelsior 
in  wooden  boxes  and  casks  of  220  pounds  (lOO  kilograms)  or  in  barrels  of  330 
wounds  (150  kilograms). 

Smaller  fragments  of  inch  to  l-g-  inches  in  size  may  be  sold  direct  by 
miners  to  exporters.  This  material  is  commonly  called  ’’pezzarae,"  It  is 
packed  for  export  in  jute  bags  of  from  88  to  176  pounds  (40  to  80  kilograms). 
The  greater  part  of  it  comes  to  the  United  States  where  it  is  ground  for 
American  trade.  Some  Italian  ground  pumice  consists  of  very  fine  material 
screened  in  a  primitive  fashion  at  Lipari,  A  large  proportion  is  of  an  in¬ 
ferior  grade,  consisting  mainly  of  lapillo,  although  some  is  ground  from 
smaller  fragments  of  high-grade  pumice. 

At  the  mines,  lapillo  is  dumped  into  long  wooden  chutes,  from  which  it 
falls  through  screens.  To  be  classed  as  powdered  ■pumice,  it  mu.st  -pass 
through  a  screen  not  larger  than  20  mesh.  Coarser  than  5  mesh  is  grinding 
rock,  while  minus  5  and  plus  20  mesh  is  termed  "rasaglia, ”  most  of  which  is 
commonly  rejected  as  being  too  small  to  handle  profitably;  some,  however,  is 
raanufact-ored  or  ground.  After  the  first  rough  screening  the  lapillo  must  be 
either  sundried  or  heated  over  coal  ovens  to  facilitate  bolting.  The  bolting 
machines  are  hexagonal  wooden  wheels  about  10  feet  long  and  3  feet  in  diameter 
and  are  equipped  with  wire  screens  of  from  35  to  200  mesh.  Hand  power  gen¬ 
erally  is  emwloyed  for  turning  these  wheels,  but  sometimes  steam  or  oil 
engines  are  used. 

Pumice  is  loiown  by  a  number  of  local  or  Italian  names  applied  to  the 
various  grades  and  sizes  of  lump  material,  Pomice  grossa  or  grosse  are  the 
largest  lumps  from  4  to  8  inches  in  size.  This  grade  is  subdivided  to  fiore, 
quasi-fiore,  and  raordente,  which  are  three  grades  of  superior  material;  and 
bianche,  dubbiose,  and  mere,  which  are  three  grades  of  inferior  stone, 

Correnti  is  medium  size  and  pezzame  is  smaller  fragmental  material,  Bastardoni 
is  medium  1-ump  and  may  be  applied  to  very  hard,  heavy  pumice  usually  4  to  8 
inches  in  size,  Rasaglia  and  alessandrina  are  smaller  pieces  somewhat  similar 
to  pezzame.  Pietra  pomice  in  pizzi  is  the  general  term  applied  to  lump  pumice, 
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whereas  -oietra  poraice  polvere  applies  to  powdered  pumice  stone.  Lapillo  is 
pumice  dust  or  detritus,  a  fine  powder  occurring  mixed  with  pozzam©  and 
rasaglia. 


GERM/UIY 

Trass  is  a  cement  made  from  a  form  of  indurated  pumicit©  occurring  in 
the  Eifel  region  of  Germany,  The  material  resembles  soft  stone  which  has  been 
weathered  considerably  since  deposition.  In  composition  it  Is  quite  similar 
to  pumicite  of  other  localities. 

Pumice  sand  and  gravel  occur  in  the  Neuwied  Basin  in  the  Rhino  Valley  of 
Germany,  The  material  is  said  to  be  very  porous,  li^t  in  wei^t,  and  to 
possess  good  insulating  qualities.  The  composition  varies  from  55  to  70  per 
cent  of  Si03,  15  to  20  per  cent  of  AI2O3,  with  about  14  per  cent  of  potassium 
and  sodium  salts. 

In  the  manufacture  of  building  units  tho  practice  originally  was  to  mix 
pumice  sand  with  clay  and  milk  of  lime.  The  mass  was  then  moulded  and  air- 
dried  to  make  what  were  called  floating  stones;  these  were  used  locally  :  ■ 
at  first,  but  in  1911  it  is  reported  that  320,000,000  units  were  shipped  to 
outside  markets.  The  industry  slumped  during  the  World  War  but  has  been  re¬ 
vived  in  recent  years.  Cement  and  quidc-setting  limes  have  largely  replaced 
the  cementing  agents  formerly  used,  and  many  other  improvements  have  been  made 
in  manufacturing  processes.  To  a  certain  extent  the  industry  has  felt  compe¬ 
tition  from  slag,  clinker,  and  other  materials. 

According  to  an  article  appearing  in  Cement,  Lime  and  Gravel,  January, 
1930,  more  than  600  factories  produce  various  kinds  of  building  material  in 
which  pumice  is  used.  Automatic  machinery  is  being  installed  which  will  make 
upwards  of  3,000  bricks  an  hour.  Many  houses,  offices,  warehouses,  factories, 
hospitals,  barracks,  churches,  theatres,  and  other  structures  have  been  built 
with  similar  units.  The  following  advantages  are 'claimed:  The  material  is 
of  a  highly  porous  character,  very  li^t,  and  resists  frost.  It  is  fireproof, 
and  dooa  not  expand  or  contract  appreciably,  and  because  of  its  li^tness  and 
strength  the  steel  framework  can  be  lifter,  which  saves  an  expenditure  of  as 
much  as  15  per  cent  in  cost,  to  say  nothing  of  the  reduced  cost  for  cartage 
and  frei^t.  On  account  of  the  li^tness  of  the  material  a  builder  can 
handle  and  place  in  position  at  least  25  per  cent  more  bricks  a  day. 

The  units  are  good'  sound  insulators  and  are  used  largely  for  flooring 
with  reinforced  steelwork. 

Pumice  stone  is  very  porous  and  gives  a  natural  ventilation  to 
the  walls  of  a  building.  No  dry-rot  or  mouldy  fungus  is  possible 
where  pumice  stone  is  used.  Pumice-stone  building  material  is 
square  odged  and  gives  a  perfect  bond  for  mortar  or  other  binding 
agent.  For  plaster  work  no  laths  are  required,  and  one  coat  of 
plaster  is  sufficient.  Nails  can  be  driven  into  pumice  stone 
blocks  and  the  material  can  be- sawn.  Pumice-stone  building  mater¬ 
ial  will  be  found  to  have  advantages  for  constructing  agricultural 
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and  fruit  and  farm  'buildings.  The  porous  nature  of  the  material 
gives  natural  ventilation,  which  allows  fruit  "and  farm  produce  'being 
kent  under  improved  conditions.  Clean  pure  air  is  necessary  for 
dairies  and  sta'bles  and  it  is  claimed  that  cattle  and  horses  are 
much  more  coinforta'ble  and  healthy  when  housed  in  'buildings  made 
from  pumice  stone.  There  is  no  wall  sweating  v/ith  this  new  material. 

AUSTRIA 

Important  deposits  of  pumice  occur  in  the  Tyrol  district  of  Austria, 

EEW  ZEAIAUU 

Deposits  of  puraicite  as  thick  as  20  feet  occur  in  southeastern  New 
Zealan^  in  the  G-ishorne  district  in  the  vicinity  of  Poverty  Bay.  Eardley- 
t-’ilmot  states  that  the  annual  production  is  'between  2,000  and  4, 000  tons, 

JAPAN 

Pumice  stone  used  for  'boiler  and  furnace  insulation,  and  known  locally 
as  koka  seki,  occurs  on  the  Niijima  Islands  90  miles  south  from  Tokio. 

V  .  *  ■ 

OTHER  COUNTRIES 

Volcanic  material  suita'ble  for  use  in  cement,  -Occurring  in  southeastern 
Prance  and  the  Azores,  lias  hoen  shipped  to  Portugal  -for  river  and  harhor  work 
and  general  construction.  A  pumicite,  locally  called  tosca,  is  shipued  from 
the  Canary  Islands  to  Spain.  Santorin,  a  pumicite  from  the  island  of  Santorin 
in  the  Grecian  Archipelago,  was  used  in  the  construction  of  the  Suez  Canal. 

MARKETS  AND  PRICES 

Domestic  pumice  and  wumicite,  and  imported  Italian  pumice  offer  individual 
marketing  pro'blems  'because  of  differences  in  geographical  source,  physical 
properties,  preparation  for  market,  and  utilization.  Pumicite  'enters  quite 
different  markets  from  either  lump'or  ground  pumice,  although  there  is  an  over¬ 
lapping  in  certain  forms  of  ground -pirai ice  stone  used  for  scouring  soaps,  cleans¬ 
ing  compounds,  and  a  few  other  abrasive  uses.  As  a  rule,  however,  domestic 
pumicite  is  a  different  grade  of  material,  commanding  a  lower  price. 

Certain  of  the  largest  pumicite  consumers,  manufacturing  scouring  and 
cleansing  compounds,  operate  their' own  deposits  and  are- seldom  in  the  market 
for  outside  material,  Pumicite  used  in  large  construction  jo'bs  is  commonly  ' 
sold  on  a  contract  'basis.  Only  a  relatively  small  quantity  is  sold  through 
jo'b'bers  and  dealers.  Because  of  these  conditions  the^-dpen  tiiarket  for  pumicite 
is  relatively  small  and  prices 'for 'sales  are  not  availa'ble.  '  J^’rorii'ishe  value  of 
production  reported  to  the  Bureau  of  Mines,  however,  a  Unit '■pride  per  ton  on  all 
pumicite  produced  can  'be  calculated,  Eor  1930  this  price  was  slightly  less 
than  $6, _  '  _  ■  ■  _ 

9  -  Eardley-T/Tilmot,  V.  L. ,  T7ork  cited,  p,  91. 

10  -  EardleypWilmot,  'V.  L.  ,  '  Work  cited,  p.  83, 
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As  regards  future  trends,  the  only  clues  are  furnished  hy  the  records 
of  the  past.  During  the  last  10  years  domestic  production  of  pmnicite  has 
increased  about  30  per  cent  in  volume.  Because  of  the  constantly  changing 
fabric  of  our  civilization  many  old  uses  have  diminished  in  importance,  but 
such  losses  have  been  offset  by  the  development  of  new  uses.  The  nse  of 
pumicite  in  concrete  and  in  the  rjanufacture  of  cement  may  be  of  more  import¬ 
ance  in  the  future  than  it  has  in  the  past. 

At  present,  marketing  of  prumicite  is  denendent  quite  largely  upon 
specific  demands,  and  new  operators  should  study  markets  thoroughly  before 
investing  any  considerable  capital. 

The  growing  demand  for  building  materials  possessing  special  properties 
for  specific  purposes  perhaps  offers  one  of  the  most  promising  potential 
markets  for  pumice  and  numicitc,  American  producers  will  do  well  to  keep  in 
touch  with  practice  in  Europe,  where  this  branch  of  the  industry  has  been 
developed  much  more  intensively  than  in  the  United  States, 

Much  of  the  domestic  pumice,  produced  largely  in  California  and  Oregon, 
is  ground  and  used  similarly  to  pumicite.  Some  is  used  in  various  construc¬ 
tion  ways.  Most  of  it,  so  far,  has  been  utilized  locally;  it  has  not  yet 
been  able  to  penetrate  successfully  the  ground- pumice  markets  in  the  indus¬ 
trial  eastern  United  States,  except  for  a  short  time  during  the  World  War  when 
material  from  Italy  was  not  available.  Daring  war  times  some  consumers  were 
able  to  use  domestic  supplies,  whereas  others  found  such  material  not  up  to 
the  standards  of  the  imported  pumice.  It  is  difficult  to  ascertain  whether 
this  dissatisfaction  was  due  to  differences  in  quality  of  raw  stock,  insuf¬ 
ficient  or  perhaps  careless  preparation,  or  unjustified  prejudice  against  an 
untried  product.  It  is  reported  that  a  new  attempt  is  being  made  to  place 
western  ground  pumice  on  the  eastern  market  in  competition  with  imported 
material. 

Pumice  imports  have  remained  fairly  constant  during  the  past  10  years. 
Most  of  the  business  has  passed  into  the  liands  of  a  few  iianufacturers  and 
dealers,  resulting  in  higher  standards  of  quality,  better  service  to  the  con¬ 
sumers,  and  less  confusion  as  to  grade  of  material  bou^t.  Foreign  pumice  is 
of  two  kinds,  American  ground  and  Italian  ground,  the  former  being  considered 
much  superior  in  abrasive  q'ualities,  uniformity  of  grain  size,  and  general 
utilitarian  value, 

American-ground  Italian  pumice  which  is  pulverized,  sized,  and  packed  in 
bags  in  the  United  States  sells  for  $30  or  more  per  ton  f.o.b,  mill,  ITew  York, 
price  depending  upon  grade  and  quality.  Coarse  sizes  are  hi^er  in  price  than 
fine  sizes.  Prices  for  materials  in  bags  are  somewhat  less  than  for  that 
packed  in  barrels. 

Italian-ground  pumice  is  lower  in  cost  than  the  American-ground  Italian 
variety.  One  importer  reports  that  Italian- ground  material  can  be  delivered 
c.i.f,  Atlantic  port  for  $10.50,  which  makes  the  delivered  cost  around  $25.50 
including  the  duty  of  $15  per  short  ton.  On  the  other  hand,  pezzame  or  small 
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lump  pjmice  such  as  is  used  as  rau  material  for  American  ground  ■D’omice,  costs 
about  $18.50,  including  the  duty  of  $2  per  short  tons.  Other  grades  of  lump 
pumice  are  still  higher  priced,  running  from  1.7  cents  to  14.1  cents  per  pound, 
plus  a  duty  of  25  cents  for  unmanufactured  or  75  cents  for  manufactured  uumice 
per  100  pounds.  Prices  vary  according  to  quality  and  degree  of  preparation, 

LIST  OP  PROPUCEHS 

Tlie  companies  producing  pumice  and  pamicite  in  the  United  States  in  1930 
and  the  locations  of  the  deposits,  from  which  the  ]jumice  and  pumicite  were  ob¬ 
tained  were  as  follows: 

location  of  Deposit  Uame  and  Address  of  Comuany 

Arizona; 

Yuma  County,  Bouse  Yuma  Products  Manufacturing  Co., 

3643  Humboldt  St.,  Denver,  Colo. 


California; 

Presno  County,  near 
.  Priant 
Do. 

Imperial  County,  near 
Calipatria 
Do. 

Imperial  County,  Hi land 

Inyo  Coiunty,  Shoshone 
Do. 

Do. 

Kern  C  ounty ,  Salt  dal e 

liono  County,  near  Laws 

San  Bernardino  Countj’-, 
Daggett 

San  luis  Obispo  County, 
near  Paso  Robles 

Kansas : 


Earlonite  Mining  Co.,  Box  474,  Selma,  Calif, 

The  McKenzie  Estate,  Griffith-McKenzie  Bldg., 
Presno,  Calif. 

A.  W.  Brand,  830  E.  Colorado  St,,  Pasadena,  Calif, 

Halite  Co.  Ltd.,  South  Oak  Knoll  Ave. ,.  Pasadena, 
Calif. 

Plynt  Silica  &  Soar  Co.,  1047  Richmond  St., 

Los  Angeles,  Calif. 

Chas.  Brown,  Shoshone,  Calif. 

California  Talc  Co.,  837  Jackson  St,, 

Los  Angeles,  Ca.lif. 

Tonopah  &  Tidewater  Railway,  1014  Central  Bldg,, 
Los  Angeles,  Calif, 

Cudahy  Packing  Co,,  111  West  Monroe  St., 

Cl-icago,  Ill, 

California  Quarries  Corporation,  1300  Quinb;/  Bldg 
Los  Angeles,  Calif. 

Hill  Brothers  Chemical  Co.,  2159  Bay  St,, 

Los  A-ngeles,  Calif. 

M,  L.  Prancis,  R.  P.  D. ,  Creston,  Calif. 


Grant  County,  Santanto 
Meade  County,  Powler 

Do,  . 

Horton  County,  Calvert 


E.  H.  Zimmerman, •  Adams,  Pans. 

Cudahy  Packing  Co.,  Ill  Vi'est  Idonroe  St., 

CViicago,  Ill. 

The  Puraicite  Co.,  4025  Clara  Ave.,  St.  Louis,  Mo. 
The  Davidson  PoiTiice  Co.,  Norton,  Kans, 
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Nelpraska; 

Frontier  Couaty,  Eustis  La  Rae-Axtell  Pumice  Co.,  S>astis,  NeLr. 

South  Dakota: 

Tripp  County,  Winner  Klenit  Corporation,  Winner,  S.  Dak. 

LIST  OF  BUYERS 

The  follon-ing  are  some  of  the  more  important  Buyers  of  pumice  and  pumicite 
particularly  for  abrasive  use: 

Los  Angeles  Soap  Co,,  617  East  First  St.,  Los  Angeles,  Calif. 

Allied  Industrial  Products  Co.,  124  N.  May  St,,  Chicago,  Ill. 

Cudahy  Packing  Co.,  Ill  West  Monroe  St.,  Chicago,  Ill. 

Holman  Soap  Co.,  3104  Pox  St.,  Chicago,  Ill. 

Matchless  Metal  Polish  Co.,  842  W.  49th  Place,  Chicago,  Ill. 

Mineral  Soap  Manufacturing  Co.,  Lowell,  Mass, 

Leon  Hirsh  &  Son,  368  Greenwich  St.,  Hew  York,  H,  Y. 

Charles  B.  Chrystal  Co.,  (Inc.),  11  Cliff  St,,  New  York,  N.  Y, 

Stanley  Dogget  (Inc,),  1  Cliff  St.,  New  York,  N.  Y. 

A,  Klipstein  &  Co.,  11  Darrow  St.,  New  York,  N.  Y. 

\7hittaker  Clark  &  Daniels  (Inc.),  245  Front  St,,  New  York,  N.  Y, 

Mr.  Jerome  Alexander,  50  East  41st  St.,  New  York,  N.  Y. 

Rome  Soap  Manufacturing  Co,,  Rome,  N.  Y. 

Larkin  Co,  (inc.),  680  Seneca  St,, Buffalo,  N.  Y, 

The  DuBois  Soap  Co,,  1120  W.  Front  St,,  Cincinnati,  Ohio, 

National  Sales  (Corporation)  ,  31-35  East  13th  St,,  Cincinnati,  Ohio. 

Chas,  W.  Young  &  Co.,  1247  No.  26th  St.,  Philadelphia,  Pa. 

Charles  A.  Wagner  Co,  (Inc.),  814  Noble  St.,  Pliiladelphia,  Pa. 

LIST  OF  IMPORTERS 

The  following  firms  are  among  the  more  important  importers  of  pumice,  and 
due  acknowledgment  is  made  for  their  cooperation  in  assembling  information  on 
foreign  material, 

James  H,  Rhodes  &  Co.,  153  W.  Austin  Ave. ,  Chicago,  Ill, 

Charles  B,  Chrystal  (Inc,),  11  Cliff  St.,  New  York,  N,  Y, 

K.  R.  Griffiths  &  Co.  (Inc.),  110  East  42nd  St,,  New  York,  N.  Y, 

Hammill  &  Gillespie  (Inc.),  225  Broadway,  New  York,  N.  Y. 

Viliittaker  Clark  6a  Daniels  (Inc.),  245  Front  St,,  New  York,  N,  Y. 
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IKTRODUCTIOK 

Quartz  maintains  a  rather  conspicuous  position  among  gem  stones,  despite 
its  being  the  commonest  and,  in  its  natural  form,  the  most  easily  recognized 
of  mineral  substances.  This  prominence  is  due  primairily  to  the  extensive  use 
of  amethyst,  which  provides  stones  of  the  finest  violet  color,  and  also  to  the 
wide  employment  of  yellow  quartz  (citrine)  which  is  called  topaz  by  jewellers 
and  vies  with  the  true  topaz  in  color  and  brilliance.  Unlike  many  less  costly 
gem  materials  quartz  is  hard  and  durable, 

■  DESCRIPTION  Al©  PROPERTIES 

Quartz  crystallizes  in  the  rhombohedral  system,  generally  as  6-sided 
prisms  terminated  at  each  end  by  6-sided  pyramids.  Owing  to  differences  in 
color  and  texture,  some  of  which  are  of  minor  importance,  quartz  has  been 
given  a  great  variety  of  names.  A  considerable  number  of  these  names 

1/  The  Bureau  of  Mines  will  welcome  reprinting  of  this  nauer,  provided  the 

following  footnote  aclniowledgment  is  used:  ''Reprinted  from  U.  S.  Bureau 
-of  Mines  Information  Circular  6561," 
sy  Rare  metals  and  nonmetals  division,  U.  S.  Bureau  of  Mines, 
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accompanied  in  each  case  hy  a  "brief  description  will  he  fcrund  In  the- appendix. 
The  gem  varieties  of  cnartZs  hcfwever,  are  all  included  in  the  following 
groups: 


Fhanerocrystalline 

Cryptocrystalline 

Amethyst 

Agate 

Aventurine  (quartz) 

Agatized  wood 

Cat ' 3  eye 

Bloodstone 

Citrine 

Carnelian 

Gold  Quartz 

Chalcedony 

Milky  quartz 

Chrysoprase. 

Rock  crystal 

Egyptian  Ja-Spor 

Rose  quartz 

Eye  agate 

Rutilated  quartz 

Fcrtificeticn  agate 

Siderite  . 

Jasper 

Smoky  quartz 

Moss  agate 

Tiger’s  eye. 

Onyx 

Pla-sma 

.  ... 

Prase 

...  ...  .  . 

Riband  Jasper 

.... 

Sardonyx 

The  composition  of  cnartz  is  essentially  silica  cr  silicon- dioxide,-  SiC^.' 
When  pure  it.  is  colorless,,  hut  the  mineral  is  to  he  found  in  practically  every 
color,  due  to.  impurities.  These  colors,  however,  are  unstable  and  may  he 
destroyed  hy.  a.  low  heat.  They  are  also  susceptible  to  change  by  t-he^-tvction  of 
X-rays,  ultraT-violet  lighc,  and  radium.  The  luster  is  vitrecu3-^d  tha  ToirrsTai 
may -3^-5  transparent,  translucent,  or  opaque. 

Quartz  is  uniaxial  and  optically  positive.  Its  mean  indox  of  refraction 
is  only  1,55;  its  double  refraction  0.003;  and  its  dispersion  0,013;  alL  are 
rather  low,  as  gem  materials  go.  The  fracture  is  pronounced -conchoidal. 

Quartz  has  a  hardness  of  7  and  is  very  durable.  While  the  -specific  gravity  of 
pure  quartz  is  2.65  to  2^66,  the  range  for  its  many  varieties  is  from  2,5  to 
2.8. 

USES 

liaxjy  varieties  of  quartz  are  used  in  the  chcap-or  grades  -of  j«-welry,  but 
with  the  notable  exception  of  the  better  grades  of  amethyst,  which  are  very 
beautiful,  most  quartz  material  is  worth  little  more  than  the  cost  of  cutting. 

In  the  form  of  clear  rock  cr;.’’stal  it  is  used,  however,  for  innumerable  orna¬ 
mental  objects  such  as  cups,  vases,  art  figures,  crystal  balls,  etc.,  and  is 
often  cut  into  beads  and  fancy  shapes.  Ifeshioned  to  resemble  the  diamond,  it 
is  sold  as  "rhinestone,"  "Herkimer  diamond,"  "lake  George  diamond.,"  or 
"Cornish  diamond,"  Bock  crystal  also  furnishue-s  the  material  for  certain  special 
glasses  and  fused  silica  ware;  and  selected  crystals  are  employed  in  optical 
instiumentsj  for  scientific  and  military  use,  chiefly  as  wedges  for  microscopic^ 
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TTork  and  as  spectographic  prisns,  and  for  piezo-electric  plates  TThich  serve 
to  control  vrave  lengths  in  radio  hroadcasting. 

The  "best  grade  of  rose  quartz  is  used  in  the  manufacture  of  jewelry, 
chiefly  for  pins,  necklaces,  and  settings  for  rings;  however,  it  is  also  used 
extensively  for  vases,  trays,  paxer  wei^ts,  and  like  ornaments,  and  the 
cheaper  grades  are  used  for  monnraental  works,  such  as  facings  for  fireplaces 
and  water  fountains,  and  in  pohhl e-dash  finish  in  stucco  work. 

iheiitiiicaticn 


Qpartz  may  he  distinguished  hy  its  glassy  luster,  conchoidal  fracture, 
hardness,  and  crystal  form.  Its  hardness  is  such  that  it  rill  scratch  glass. 
Its  lack  of  cleavage,  general  glass-like  appearance,  and  uronounced  conchoidal 
fracture,  afford  an  easjx  determination.  It  is  readily  distinguished  from 
topaz  because  it  is  softer  and  lighter,  it  will  float  in  methylene  iodide  whil 
topaz  sinks  rapidly. 

SUBSTITUTES 

Small  quartz  cr^’utals  have  been  produced  artificially  but  never  in  sizes 
or  colors  to  rival  the  natural  mineral.  Moreover,  since  most  varieties  are 
worth  little  more  than  the  cost  of  cutting,  there  is  no  commercial  advantage 
in  manufacturing  artificial  material.  Instead  of  having  substitutes,  quartz 
itself  is  used  widely  in  imitation  of  the  more  expensive  gems.  Citrine,  or 
yellow  quartz,  and  smoky  quarts,  for  example,  are  sold  under  trade  names  such 
as  Scotch  topaz,  false  topaz,  and  smoky  topaz. 

KISTOHY 

Quartz  in  its  various  forms  has  attracted  attention  from  the  ea  liest 
times.  The  water-clear  crystallized  variety  was  known  to  the  Greeks  as 
krystallos  meaning  clear  ice;  hence  the  name  ’’crystal"  or  "rock  crystal"  as 
now  applied  to  this  particular  variety.  The  name  quartz^/  is  an  old  German 
mining  term  of  unknown  meaning  which  has  been  in  general  use  in  all  languages 
since  the  sixteenth  century. 

Amethyst  is  a  name  derived  from  the  Greek  word  meaning  not  drunken — 
possibly  due  to  a  notion  that  it  would  protect  the  wearer  from  the  results  of 
unrestrained  libations. 

Chalcedony  derives  its  name  from  the  Greek  name  of  a  town  in  Asia  Minor. 

Prase,  due  to  its  dull  leek-green  hue,  takes  its  name  from  the  Greek  word 
meaning  a  leek. 

Plasma,  which  may  have  the  same  derivation,  is  a  bri^ter  leek-green. 

3/  Smith,  G.  P.  Herbert.  Gem  Stones :  London,  1913,  p.  240.  ^ 

.  .  •  r  •  •  •  < 
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.  ■  ■  ,  .  MODE  OE  OCCDTIDMCE 

(Quartz  is  widel"'’'  distributed  and  occ'ors  in  rocks  of  all  ages  and  of 
nearlj’-  ever;*  whether  igneo'os,  sedimentary,  or  metamornhic.  Next  to  the 

feldspars,  it  'is  the  most  abundant  mineral  in  the  crust  of  the  earth,  forming 
abont  12  per  cent  of  the  entire  lithosphere. 

MINIIIG 

Quartz  is  generally  mined  from  open  pits.  After  being  blasted  from  the 
ledge  the  material  is  broken  un  with  sledges  into  lumps  6  or  S  inches  in  size 
and  the  quartz  material  is  then  sorted  from  the  other  mineral  siubstances* 

In  Montana  and  those  States  throu^i  which  the  Yellows t  ine  and  Missouri 
Rivers  flow,  agates  are  found  along  the  river  beds  and  sometimes  on  gravel 
bars  quite  a  distance  from  the  sources  of  these  rivers.  Ranchers,  sheep 
herders,  and  others  living  in  these  districts  gather  them,  some  making  agate 
gathering  a  regular  business.  The  siurface  stones  loave  been  practically  all 
picked  UT>  and  present  supnlies  are  limited  mainly  to  stones  exposed  by  the 
erosion  produced  by  winter  ice  and  spring  rains, 

DOMESTIC  F2CDUCTICN 

The  production  in  the  United  States  of  most  vaiueties  of  quartz  of  gem 
quality  has  always  been  rather  small.  Only  a  few  domestic  varieties  are  worth 
more  than  the  cost  of  cutting,  and  then  only  when  found  as  exceptionally  fine 
stones.  The  following  table  gives  the  value  of  gem  quartz  produced  in  the 
United  States  from  1906  to  1921,  when  the  United  States  Geological  Survey  dis¬ 
continued  the  canvass  of  producers: 


Table  1,  -  Value  . of  g-'jartz  gems  produced  in  the -United  States, 

from  1905-1921  ~T] 


■« 


Year  ' 

Val^'oe 

!  Year 

Value  '' 

Year 

Value 

Year  : 

Value 

1906  * 

1907  ; 

$7,050 

;  1910 

$3,872  I! 

1914 

$18,838  il 

1913  ! 

$15,211 

8,955 

1911 

3,834  i| 

1915 

35,724  li 

1919  , 

17,632 

1908  ; 

4,163 

!  1912 

3,313  :i 

1915 

25,707  || 

1920  I 

14,675 

1909  i 

5,659 

;  1913 

16,361  i' 

1917 

28,273  i| 

1921  ! 

11,114 

Compiled  from  Mineral  Resources  of  the  United  States,  Part  2  (annual  chap¬ 


ters)  . 


Althou^  production  in  the  United  States  is  of  small  consequence,  in  cer¬ 
tain  cities  the  shops  display  cut  gems  and  polished  slabs  of  unusually  high 
value.  Billings,  Livingstone,  Miles  City,  and  Glendive  are  the  cutting  centers 
in  the  State  of  Montana.  Unusual  specimens  are  prepared  which  bring  as  much  as 
$250,  Large  quantities  of  this  material  are  polished  and  mounted  for  eastern 
trade  at  Portland,  Ore.,  and  Seattle,  Wash,  The  finish  given  these  domestic 
stones  has  proved  that  the  craftmanship  of  American  workmen  is  equal  to  that 
of  the  foreign  expert. 

Clark,  E.  W.,  Bull.  U.  3.  Geol.  Surv.,  223,  1904,  pn.  19,  20. 
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DEPOSITS  IN  THE  DITITSD  STAT^,.  '  '  '  '•  -  ' 

In  the  past  man:^-  fine  agates  were  found  on  the  lake  shores  of  the  Upner 
Peninsula  of  Michigan,  where  they  weathered  out  of  the  trap  rock.  Amethyst 
also  has  been  produced  in  ^/arious  localities  of  the  United  States*  Id  general, 
however,  the  domestic  output  has  been  small  and  sporadic,  individnal  deposits 
usually  being  soon  exhausted  or  proving  unprofitable  to  work  on- a  co?Hnercial 
scale.  ■.  r  "  '  .  •  ,  _ - 

'  ^  ■  Agates  §/ .  !■  ■ 

In  manj’-  localities  in  the  United  States  .agates  of  considerable  beauty  if 
not  of  great  size  are  found.  Those  found  in  Michigan  on  the  da  ores  of  Agate 
Bay,  balce  Superior,  have  rich  coloring  and  make  attractive  charms  and  orna¬ 
ments.  Agates  are  found  in  the  stream  beds  of  many  rivers.,  in  Colorado, 

Montana,  and  other  regions  of  the  Rocky  Mountains.  They’ ..are  found  also  along 
the  liississippi  River,  esoeciallj'’  in  Minnesota,  and  along  the  Pox  River  in 
Illinois,  in  the  trap  rocks  bordering  .the  Connecticut  River,  and  on  the  coasts 
of  California  and  Oregon.  The  variety  found  in  California  is  cut  and  sold 
under  the  name  "California  moonstone,"  a  term  as  misleading  as  most  trade  names. 

^  •  . 

Moss  or  Landscape  Agate 

According  to  Poshag,^  when  nature  desires  to  produce  a  unique  ty^  of 
agate,  she  permeates  the  silica  with  manganese  or  iron  compounds,  giving  rise 
to  moss  or  treelilce  forms,  or  islands  in  a  minature  ocean.  This  is  designated 
as  moss  or  landscape  agate.  Montana  and  Wyoming  are  the  chief  American  sources; 
Montana  supplies  much  of  the  moss  agate  cut.  for  jewelry  from  pebbles  and  cobbles 
found  along  the  Tellowstone  River  and  its  tributaries  and  on  the  mesas  and 
buttes  for  many  miles  away  from  the  river.  No  one  Imows  Just  when  or  how  these 
agates  originally  developed,  but  here  they  occur  in  rounded  cobbles  covered 
sometimes  with  a  chalk-like  but  ’hard  coating  of  silica. 

In  Laramie  County,  ¥yomi,ng,  moss  agate  occurs  in  an  irregularly  shaped 
vein  var^ring  from  less  than  ah  inch  to  nearly  2  feet  in  thickness  and  cutting 
nearlj’’  vertically  across  limestones  of  carboniferous  age.  The  Wyoming  agate 
is  a  clouded  and  more  opaque  form  than  the  Montana  agate. 

Amethyst  »- 

Amethystine  quartz  has  a  wide  distribution  in  the  eastern  United  States, 
but  nowhere  does  it  occur  in  sufficient  quantity  to  afford  a  stable  industry.’’. 

The  crystals  are  sometimes  of  a  beautiful  color  but  are  almost  invariably 
scarred  and  broken. 

^  Earrington,  0.  C.,  Agate — Physical  Properties  and  Origin:  Field  Mas. of 

Nat.  Hist.,  Geol.  Leaflet  8,  Chicago,  1927,  p.  5. 

6/  Poshag,  ‘W.  P. ,  Gems  and  Gem  Minerals:  Smithsonian  Sci.  Ser. ,  vol. 
pt.  2,  1929,  p.  229.  , 
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About  1931,  amethysts  rere  found  and  mined  in  Arizona  to  a  notable  extent 
on  claims  near  the  Roosevelt  Dam.  This  was  the  first  amethyst  deposit  of 
commercial  importance  discovered  in  the  State,  Althou^  these  crystals  were 
taken  from  only  20  inches  below  the  surface,  they  were  of  such  fine  quality 
that  orders  to  the  amount  of  $2,000  were  obtained  almost  immediately  from 
dealers  and  lapidaries  in  Los  Angeles, 

Amethyst  Harbor  on  the  shores  of  Lakre  Superior  has  yielded  very  large 
crystals,  thou^.  not  of  good  gem  quality.  Other  localities  tliat  have  produced 
good  stones  are  Providence  Townsliip,  Delaware  County,  and  Chester  County,  Pa,; 
Haywood  County,  N.  C.;  and  Rabun  County,  Ga. 

Chrz/soprase 

According  to  Kunz,-'  two  claims  of  chrysoprase  were  located  about  6  miles 
southeast  of  lone,  Calif.  At  this  location  the  chrysoprase  occurs  in  serpen¬ 
tine  as  a  seam  1-1/5  inch  wide. 


Crystal  Quartz 

In  the  eastern  United  States  and  in  the  Rocky  Mountain  regions,  well- 
crystallized  colorless  quartz  occurs  in  association  with  pegmatite  veins. 
Beautifully  clear  examples  of  this  crystal  quartz  have  come  from  the  Hot 
Springs  region  of  Arlcansas,  where  the  mineral  occurs  as  a  seconda.ry  product 
in  clefts  and  crevices  in  sandstones.  This  region  forms  one  of  the  world’s 
most  noted  deposits  of  crystal  groups,  where  qpartz  occurs  in  small,  very 
perfect,  and  hi^ly  lustrous  crystals. 

In  the  cavities  of  the  limestones  of  Herkimer  County,  H.  Y. ,  are  occur¬ 
rences  of  small,  very  perfect,  and  hi^ly  lustrous  crr/stals.  A  peculiarly 
interesting  characteristic  of  this  particular  deposit  is  that  the  crj^stals 
are  rarely  over  a  centimeter  in  diameter;  as  a  consequence,  the  natural 
crystals  are  sometimes  perforated  and  strung  as  beads  without  further  prepara¬ 
tion,  a.nd  prove  very  effective  as  well  as  unique;  so  great  is  their  brilliance 
that  they  are  commonly  called  "Herkimer  diamonds." 

Onyx  §/ 

An  important  deposit  of  onyx  was  discovered  in  Madison  County,  Mont., 
during  the  autumn  of  1929,  which  is  said  to  rival  the  Egyptian  stone  in  both 
color  and  design.  The  Montana  Inyx  Co.  of  Butte  first  opened  this  quarry  and 
is  taking  out  the  stone  in  small  quantities  for  cutting  and  polishing.  This 
onyx  lies  upon  the  surface  in  well-marked  ledges,  in  a  vein  that  has  been 
traced  over  a  quarter  of  a  mile,  and  comes  in  a  multitude  of  colors  which  form 
the  most  beautiful  tapestry  designs.  Approximately  one  hundred  different 
colors  have  been  observed  by  the  owners  of  this  quarry, 

TJ  Kunz,  Geo.  E.,  Gems  and  Precious  Stones:  Min.  Ind. ,  1927,  p.  509, 

8/  Pit'  and  Q,ua.rry,  Huge  Deposit  of  Onyx  found  in  Montana.  Vol,  20,'  Ho.  12, 
Sept.  10,  1930,  pp.  19-20. 
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Rose  Quartz  .  ■ 

What  is  declared  to  "be  one  of  the  largest  deposits  of  high-grade  rose 
q\iartz  in  the  coiintry,  if  not  the  iForld,  is  located  about  8  miles  from  Custer, 
S.  Dak.x/  Throughout  this  district  the  quartz  is  of  a  beautiful  rose  color 
and  is  found  in  large  segregations  and  also  in  smal]  scattered  masses.  This 
district  uroduces  all  gradations  in  color  from  white  to  pale  pink  or  deep 
rose.  At  the  Scott  rose  quartz  mine  near  Custer  the  quartz  occurs  in  large 
irregular  masses  in  pegmatite,  and  it  is  beiie’'ed  that  it  represents  a  late  , 
crystallization  during  the  consolidation  of  .the  magmatic  solution  at  temper¬ 
atures  somewhat  below  the  teraT)eratures  at  which  white  quartz  crystallized. 

FOREIGN  localities 

Brazil  is  noted  for  very  important  depo'sits  of  clear  crystal  quartz  as 
well  as  of  quartz  of  other  varieties.  Much  of  the  quartz  used  for  spectacle 
lenses  and  other  technical  purposes  comes  from  Brazil,  especially  from  the 
States  of  Minas  Geraes,  Sao  Paulo,  and  Goyas. 

In  the  S'viss  Alps  both  clear  and  smol^  crystals  occur  in  open  cavities. 
From  one  such  druse  20,000  pounds  of  good  crystals  were  obtained.  Lately 
Madagascan  has  produced  much  good  rock  crystal,  which  is  utilized  mostly  in 
the  manufacture  of  beads. 


Agates  19J 

At  present  the  most  e:ttensive  occurrence  of  agate  known  is  in  the  mountain 
chain  extending  from  Porto  Alegre,  State  of  Rio  Grande  do  Sul,  in  Brazil,  to 
the  district  of  Salto  in  northern  Uruguay.  These  agates  form  the  principal 
source  of  supply  for  commercial  purposes  and  are  said  to  surpass  all  others  in 
size  and  beauty. 

Associated  with  the  agates  in  the  agate-bearing  area  in  Urufruay  are  man,y 
hollow  stones  which  are  often  lined  with  amethyst  crystals.  The  agates  are 
dug  from  shallow  pits  in  grazing  lands,  where  they  occur  in  considerable  quan- 
tit,y.  Tliey  are  also  found  in  the  stream  beds  of  tho  region,  where  they  have 
been  deposited  by  floods.  At  present  the  largest  diggings  are  about  100  miles 
north  of  Salto. 


Amethyst 

A  discovery  of  amethyst  was  made  in  the  vicinity  of  Pretoria,  in  South 
Africa,  about  1927,  where  material  of  unusually  deep  color  was  found  in  large 
quantities.  Althou^  some  6,000  pounds  of  bulk  material  has  been  shipped,  only 
specimens  of  jewel  grade  have  been  sent  out.  In  1928,  a  syndicate  was  formed 
with  the  object  of  exploiting  this  new  discovery.  During  that  year  a  215- 
pound  amethyst  was  found  near  Bahia,  Brazil,  and  was  sent  to  Oberstein,  Germany, 

9/  Rocks  and  Mineral,  Rose  Q,uartz :  Vol.  4,  June,  1929,  p,  43. 

10/  Farrington,  0.  C.,  Work  cited,  pp.  4-6. 
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to  "be  worked  up.  This  vtus  not  of  jewel  grades  however,  and  would  have  heen 
more  valuable  as  a  specimen. 

Hock  Crystal 

In  certain  localities  of  Brazil,  rock  crystal  is  found  in  deposits  that 
are  usually  small  and  scattered,  hut  the  crystals  are  water  clear  and  range 
in  size  from  4  to  10  pounds.  During  the  World  War  tons  were  uroduced  to 
supply  the  demand  for  lenses,  etc.*  More  recently  the  demand  for  optical 
material  has  heen  greater  than  ever,  and  it  is  a  question  whether  this  ma¬ 
terial  has  ever  before  been  so  extensively  used  in  physical  experiments. 

Recently  two  great  masses  of  rock  crystal,  one  weiring  528  pounds  and 
the  other  375  pounds,  have  been  discovered  in  Brazil,  Althou^  the  demand 
and  price  have  dropped  considerably  in  late  yearso  rock  crystal  for  spec¬ 
tacles  and  other  optical  work  has  increased  on  the  average  and  the  State  of 
Bahia  now  supplies  an  abundance  of  it  for  these  purposes. 

In  1926,  14,016  pounds  of  rock  crystal  valued  at  $6,704  was  exported 
from  Bahia;  in  1927,  exports  increased  to  28,958  pounds  valued  at  $10,072,  a 
gain  of  100  per  cent  in  volume  and  of  50  per  cent  in  value.  However,  exports 
dropoed  in  1923  to  19.408  pounds  valued  at  $R,581. 
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APPENDIX;  MIvIES  OP  SPECIES  AEDrGEEM  VARIETIES 
Eames  of  Mineral  Species  and  Qrems  of  .the  Q;aa.rtz  Groiip 


Name 

Description 

Agate 

Agate  jasper 

Variegated  chalcedony, 

Intermediate  between  j^ner  and  chalcedony  with 
predominant  translucent  chalcedony;  jasper 

Alaska  diamond 

Alencjon  diamond 

Aleppo  stone 

Amtierine 

with  bands  of  chalcedony. 

Quartz . 

Qpartz  crystal  from  Alencon,  Prance, 

Eye  agate. 

Yellowish-green  agate  from  thvo  Death  Valley 

Amethyst 

Amethystine  qnartz 

region,  Calif. 

Purple  and  bluish  violet  quartz,  in  crystals. 
Quartz  of  an  amethyst  color,  not  necessarily 

Anacona  ruby 

Apricotine 

in  crj^stals. 

Quartz. 

Yellowish  red  quartz  pebbles  from  vicinity  of 

Arkansas  diamond 

Gape  May,  11.  J, 

Quartz  crystals  from  Arkansas;  also  diamond 

Arrow  points 

from  Arkausas. 

Indian  arrowheads  mostly  made  of  quartz,  more 

Avent'urine 

rarely  of  obsidi-n  or  other  fine-grained  rock. 
Opaque  yellow,  brown,  or  red  massive  quartz' 
containing  inclusions  of  minute  scales  of 

Aznre  qnartz 

Baffa  diamond 

Basanite 

Beckite 

some  other  mineral,  such  as  mica  or  iron  aside 
Blue  q-'.jartz. 

Quartz  crystal. 

Velvet  black,  flinty  quartz. 

Silicified  coral  shells  or  fossiliferous  lime— 

Beekite 

Bishop's  stone 
Bloodstone 

stone  replaced  by  silica. 

Beckite, 

Amethyot . 

Massive  dark  green  jasper  (plasma)  with  red  or 
biood-colored  spots;  also  hematite  (Grerman 
usage). 

Blood  jasper 

Bine  chrysoprase 

Blue  moonstone 

Bloodstone. 

Ciialcedony  stained  blue  with  chr’/'socolla. 

Blue  chalcedony  from  the  Death  Valle3’’  region, 
Calif. 

Bohemian  diamond 
Bohemian  ruby 

Bohemian  topaz 
Brazilian  diamond 

Rock  crystal  (quartz). 

Red  or  rose  qioartz. 

Yellow  quartz. 

Clear  quartz  from  Brazil;  also  diamond  from 

Brazilian  pebble 
Brazilian  topaz 

Brazil. 

Rock  crystal  (quartz). 

Smoky  quartz  artificially  changed  to  yellow  by 
heat;  also  golden  to  reddish  yellow  topaz. 
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ITames  of  mineral 
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Briancon  diamond 

Bristol  diamond 
Burnt  amethyst 

Cairngorm 

California  moonstone 
Cape  Kiay  diamond 

Carnelian 
Camel  ian-on3mc 
Catalinite 
Catalina-sardonyx 
Cat  *  s-eye 


Cer-agate 

Chalchihuitl 

Chalcedony 

Chalcedony-onyx 

Chalcedonyx 

Chert 

Chinarump 

Citrine 

Cloudy  chalcedony 

Colorado  topaz 
Cornish  diamond 
Cotterite 
Creolite 
Cri spite  • 

Crystal 

Cupid’s  darts 

Dauphine  diamond 
Dendritic  agate 
Egyptian  jasper 
Egyptian  pehhle 
Eldoradoite 


I.C.  6561 

species  and  gems  of  the  quartz  group  XCont.) 

Description 

Opart z  crystal  from  southeastern  Prance, 
cut  in  Briancon. 

Qpartz  crystal  from  Cornwall,  England. 

Purple  amethyst  changed  to  hrownish  yellow 
hy  heat. 

Yellow  to  smoky  hrown,  gray,  or  hlack 
quartz. 

White  or  gray  clialcedony. 

Colorless  and  cloar  quartz  crystal  from  Cape  May, 

U.  J. 

Translucent  red  chalcedony. 

Agate  with  red  and  white  bemds. 

Beach  pehhles  from  Santa  Catalina  Island,  Calif, 

Catalinite, 

Chatoyant  quartz;  or  any  mineral  haying  a  cliange- 
ahle  luster  or  showing  opalescence  without 
play  of  colors. 

Chrome-yellow  agate  from  Brazil. 

Applied  to  prase,  green  jasper,  emerald,  turquoise, 
and  jadeite  from  Mexico. 

Compact  silica,  transparent  or  translucent,  with 
a  waxy  luster. 

Agate  with  white  and  pale  bands. 

Chalcedony  with  alternating  stripes  of  gray  and 
white. 

Compact  silica,  includes  flint,  horns tone,  and 
jasper. 

Petrified  wood  from  Arizona. 

Golden  yellow  quartz. 

Chalcedony  with  dark  cloudy  spots  in  a  li^t  gray 
transparent  base. 

Citrine  (yellow  quartz);  also  topaz  from  Colorado. 

Quartz  crj^’stal  from  Cornwall,  England. 

Quartz  ha-'/ing  a  metallic  pearly  luster. 

Banded  jasper  from  Shasta  County,  Calif. 

Sagenite. 

Colorless  transparent  quartz;  also  artificial 
flint  glass. 

Quartz  crystal  with  needle-like  inclusions  of 
goethite. 

Rock  crystal  (quartz). 

Mocha  stone  and  moss  agate. 

Banded  yellow,  red,  hrown,  or  blade  jasper. 

Egyptian  jasper. 

Iridescent  quartz  from  Eldorado  County,  Calif. 
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Names  of  Mineral 

Name 

Bneraldine 

Enhydros 

Eye  agate 

False  diamond 
False  lapis 
False  topaz 
Fancy  a^tes 

Fleclaes  d’ amour 
Fleurus  diamond 
Flint 

Flower  stone 

Fortification  agate 
Fossil  coral 
Frost  stone 


Gold  quartz 
Golden  topaz 

Eair  stone 

Heliotrope 
Herkimer  diamond 

Horatio  diamond 
Horns tone 

Hungarian  cat  *  s-eye 
Hyacinth 


Hyacinth  of  Conrpostella 
Imnerial  yu- stone 
Indian  agate 
Indian  topaz 
lolanthite 

Iridescent  quartz 


Suecies  and  Gems  of  the  Q.uartz  Group  (Cont.) 

Descrirtion 


Chalcedony  artificially  colored  green. 

Hollow  n^->dules  of  chalcedony  partly  filled 
with  vrater. 

Concentric  rings  of  agate  with  a  dark  center, 
also  thomsonite. 

Quartz  cr^.’-stal. 

Agate  or  jasper  artificially  colored  "blue. 

Yellow  quartz;  also  yellow  fluorite. 

Agates  showing  delicate  markings  and  intri¬ 
cate  patterns. 

Sagonite  (quartz ) . 

Q^oartz  crystal. 

Compact  silica,  opaque  and  of  dull  colors. 

Beach  pehhles  (chalcedony)  with  flower 
patterns. 

Agate  with  parallel  zigzag  lines. 

Cci-el  replaced  hy  silica  (hecki.te). 

Translucent  gray  chalcedony  with  pure  white 
patches  or  tufts  like  snowflakes,  scattered 
through  :’t,  from  the  Mohave  Desert,  Calif. 

Massive  quartz  inclosing  gold. 

Golden  yellow  citrine  (quartz);  or  topaz  of 
a  golden  yellow  color. 

Quartz  with  inclusions  of  hair-like  crystals 
or  fibers  of  some  other  mineral.  Same  as 
sagenite. 

Bloodstone  (quartz). 

Clear  quartz  crystal  from  Herkimer  Coimty, 

New  York. 

Colorless  quartz  from  Arkansas, 

Compact  form  of  silica,  like  flint  hut  more 
brittle. 

Quartz  cat ' s-eye . 

Bed  zircon;  also  wrongly  applied  to  essonite 
or  other  light-colored  garnets,  to  yellow¬ 
ish  red  spinel  fi'om  Brazil,  and  to  red 
iron- stained  quartz. 

Qpartz,  with  red  hematite  inclusions. 

Green  aventurine  quartz. 

Mc3s  agate. 

Seffron-yellow  topaz;  also  yellow  quartz. 

JePper  from  Crooked  River,  Crook  County, 
Oregon. 

Rock  crystal  (quartz)  filled  with  fine 

cracks  containing  air  films  which  reflect 
the  colors  of  the  rainbow. 
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ITames  of  Llineral  S'^ecies  and  Qeiaa  of  the  Q^j&rtz  Q-rou73  (Cont.) 

I>escriT)tion 


Iris 

Irish,  diamond 

Isle  of  Wi^t  diamond 

Jast)  agate 

Jasper 

Jasperine 

Kinradite 


Lalce  G-eorge  diamond 
Lavendine 
Love  arroT/7s 
Lydian  stone 
Maderia  topaz 
Marmorosch  diamond 
Milky  quart z 

Mocha  stone 

Mohave  moonstone 

Montana  agate 
Mont  Blanc  ruby 
Moonstone 

Mora  diamond  . 
ii/Iorion 
Moss  agate 

Mo  the  r-  0  f— erne  ral  d 
Myrickite 


Needle  stone 
Nicola 

Novaculite 
Occidental  agate 
Occidental  amethyst 
Occidental  cat's-e:re 
Occidental  chalcedony 

Occidental  diamond 
Occidental  topaz 
Onegite 


Iridescent  quiartz;  also  amlied  to  other  iridescent 
minerals.  California  iris  is  spodumene. 

Q;.:iartz  crystal  from  Ireland. 

'^iiar  t  z  cr  ys  tal . 

Intermediate  oetT7een  jasper  and  chalcedony  with 
predominant  opaque  jasper. 

Massive  quartz,  impure  and  opa,que,  containing  more 
iron  oxide  than  agate. 

Banded  and  variously  colored  jasper, 

Jasper  with  spherulites  of  quartz,  from  the  region 
around  San  Jrancisco,  Calif. 

Clear  quartz  crystal  from  KeridLmer,  N.  Y. 

Ame thy s  t  ( quartz ) . 

Sagenite  (quartz). 

Basanite  (quartz). 

Citrine  (quartz). 

Qpartz  crystal  from  Marmaros  Comitat,  Hungry. 

Millqv  white  in  color  and  nearly  opaque.  Sometimes 
with  greasy  luster.  (Dana), 

Chalcedony  with  hrown,  red,  or  "black,  tree- like 
inclusions  of  me-nganese  oxide. 

Translucent,  lilac-tinted  clialcedony  from  the 
Mohave  Desert,  Calif. 

Moss  agate  from  Montana. 

^^uartz. 

Commonly  hut  erroneously  apulied  to  some  white  or 
gray  chalcedony  and  to  satin  spar  (gypsum). 
Prohahly  quartz  crystal. 

Deep  "black  almost  opaque  smoky  quartz. 

Chalcedony  with  greenish  moss-like  or  tree-like 
inclusions. 

Prase  (quartz). 

Agate  or  chalcedony  containing  "bright  red  inclusions 
of  cinnahar,  frem  the  Death  "Valley  region,  Calif, 
Sageni t  e  ( quart  z ) , 

Onyx  with  a  "black  or  "brown  "base  and  a  "bluish  white, 
thicker,  v.^avy  top  layer. 

Fine-grained  hard  sandstone;  flint  (quartz). 

Agate  less  uerfect  than  oriental  agate. 

True  emethyst  (quartz). 

Quartz  cat’s-eye. 

Soraew'nat  ooaque  clialcedony;  more  opaque  tlian 
oriental  chalcedony. 

Rock  cr^'stal  (quartz). 

Yellow  quartz, 

Q^oartz  with  inclusions  of  hair-like  crystals  of 
'  geothite. 


10200 


13  - 


I.C.  6561 


Uames  of  Mineral 


Name 

Onyx 

Orange  topaz 

Oriental  agate 
Oriental  chalcedony 

Oriental  jasper 
Ouachita  stone 
Paphos  diamond 
Pehh le 

Pecos  diamond 
Petrified  wood 
Plasma 


Prase 


Prismatic  moonstone  ' 
Ps  eudodiamond 
Qraehec  diamond 
Rainbow  agate 

Rainbow  quartz 
Rhinestone 
Riband  agate 
Riband  jasper 
Ribbon  agate 
Ring  agate _ 

River  agate 
Rock,  crystal 
Rose  quartz 
Rubasse 
Sagenite 


Sandy  sard 
Sapphire  quartz 
Sapphirine 
Sard 


Sardoine 

Sardonyx 


Species  and  Gems  of  the  Quartz  G-roup  (Cont, ) 

Sescription 

Banded  chalcedony  with  alternating  bands  of  cloudy 
milk-white  and  another  color,  usually  black. 

Smoky  quartz  changed  to  yellow  by  heat;  or  Spanish 
topaze 

Finely  marked  and  very  translucent  agate. 

Very  translucent  clialcedony,  (compare  with  occi¬ 
dental  chalcedor.j’") , 

Bloodstone  (quartz). 

Novaculite  (whetstone);  quartz. 

Quart z. 

Rock  crystal  (quartz). 

Quartz  from  Pecos  River,  Texas. 

Wood  replaced  by  silica. 

Massive  translucent  quartz,  dark  grass-green  in 
color,  sometimes  with  white  or  yellow  inclusions 
of  celadonite  or  of  delessite. 

Massive,  translucent,  and  spotted  quartz  of  a  green 
to  leek— green  color  caused  by  inclusions  of 
minute  crystals  of  actinclite  or  other  minerals. 
Cloudy  chalcedony  (quartz)  from  Mchave  Desert,  Calif. 
Quartz  crystal. 

Quartz  crystal. 

Agate  miich  shows  iridescence  when  cut  across  the 
concentric  structure. 

Iridescent  quartz. 

Rock  c rys  tal  ( quar t  z ) . 

Agate  with  parallel  layers, 

Jasper  with  differently  colored,  alternating  bands. 
Banded  agate. 

Agate  with  differently  colored  bands  arranged  in 
concentric  circles. 

Moss  agate  pebbles  found  in  brooks  and  streams. 

Clear  quartz  crystal. 

Massive  rose-red  to  pink  quartz. 

Quartz  artificially  stained  red. 

Transparent  quartz  with  inclusions  of  hair-like 
or  needle-like  crystals  or  fibers  of  some  other 
mineral,  generally  rutile. 

Sard  dotted  with  darker  spots  (quartz). 

Blue  quartz. 

Blue  chalcedony,  blue  quartz;  also  blue  spinel. 
Ch-alcedony  of  a  rich  brown  color,  with  a  reddish 
tint;  brownish  red  or  dark  brown  carnelian 
( sardoine) . 

Brownish  rod  or  dark  brown  carnelian. 

(Sard-onyx)  white  and  brown  banded  chalcedony. 
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Name 


ITames  of  Mineral  S'oecies  and  Gems  of  the  Qioartz  Sroup  (Cont. ) 

Description 


Saxon  topaz 
SchatmlDerg  diamond 
Schiller  quartz 
Scotch  topaz 
Semicamelian 
Siberian  amethyst 
Siderite 
Silicified  wood 

Sinople 
Smoky  quartz- 
Smoky  topaz 

St.  Stephen  stone 

Star  stone 
Starolite 
Swiss  lapis 
Test  stone 
Texas  agate 
Thetis  hairstone 

Tiger-eye 
Touchstone 
Tree  agate 
Tree  stone 
Trenton  diamond 
Unripe  diamond 
Vallum  diamond 

Venus’s  hairstone 
Violite 

Water  agate 
Wax  agate 
White  carnelian 

White  sapphire 
Wliite  topaz 
Wood  agate 
Wood  stone 
Zonite 


Pale  wine-yellow  topaz;  also  citrine  (quartz). 
Quartz  crystal  from  Schaumherg,  Hesse,  Gerraa2ay. 
Opart  z  cat ' s-oye . 

Sinokj’-  quarts. 

Yellow  agate. 

Rich  or  dark  colored  amethj’'st. 

Sappherine  (blue  quartz). 

Wood  replaced  by  silica  and  small  amounts  of  iron 
compoiuids . 

Quartz  having  red  hematite  inclusions. 

Quartz  crystals  of  a  smoky  or  brown  color. 

True  topaz  of  a  smoky  color;  also  more  commonly 
sraolcy  quartz. 

Translucent  chalcedony  with  round  blood-red  spots 
through  it. 

Starolite  (quartz) . 

Asteriated  quartz. 

Agate  or  jasper  artificially  colored  blue, 

Besanite  (jasuer). 

Agite  jasper  from  Texas. 

Transparent  quartz  with  inclusions  of  hair-like 
crystals  of  green  actinolite. 

Yellow  to  brown  altered  crocidolite. 

Basanite  (jasper). 

Mocha  stone. 

Mocha  agate. 

Quarts  crystal  from  Herkimer  County,  IT.  Y, 

Quartz. 

Quartz  crystals  from  the  Tanjore  district,  Madras 
Presidency,  India. 

Sagenitic  C’Uirtz  (J^y). 

Compact  purple  chalcedony  from  San  Diego  County, 

Cax  X  f . 

Shell  of  chalcedony  containing  bubbles  of  water. 
Yellow  agate,  with  a  pronounced  waxy  luster. 

Cloudy,  milk-white,  or  very  pale  reddish  or  yellow¬ 
ish  chalcedony. 

Colorless  q-uartz  or  corundum. 

Colorless  quartz  or  topaz. 

Wood  uetrified  or  replaced  by  agate. 

Silicified  wood. 

Variously  colored  chert  or  jasper,  from  Arizona, 
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IHTRODUCTIOH 

Soaostone  commonly  is  associated  with  talc,  and  reports  on  either  com¬ 
modity  usually  contain  a  discussion  of  the  other.  From  a  geological  or 
mineralogical  standpoint  the  combination  is  jiastifiable,  for  soapstone 
essentially  is  impure  talc.  Commercially,  however,  the  relation  between 
them  is  remote.  About  95  uer  cent  of  all  talc  sold  in  the  United  States  is 
in  ground  form,  whereas  practically  all  soapstone  is  sold  as  furnace  blocks 
or  as  fabricated  structural  slabs  for  nany  and  diverse  applications. 


1  -  The  Bureau  of  Mines  will  v/elcome  reprinting  of  this  paper,  provided  the 

following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6563." 

2  -  Assistant  mineral  economist,  building  materials  section,  U.  S,  Bureau  of 

Mines . 
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of  t:-o  .:d  talc  c'  va'"ced  in  the  United  States  is  sold  for  pur¬ 
poses  whore  the  white  color,  slip,  fineness  of  grinding,  and  lack  of  grit 
give  the  product  decided  advantages  over  other  pulverized  rocks.  Some  waste 
GO''P3torie  from  fabricating  plantp  is  ground  and  marketed  in  competition  with 
talc.  This,  condition,  however,  e::ist;.i  only  when  the  material  is  to  he  used 
for  nonsnecialized  purposes,  itirthermore,  in  these  markets  soaiustone  is  in 
direct  competition  with  ground  limestone,  whiting,  slate  flour,  and  similar 
products. 


Many  deposits  of  hi.'di'-.grade  talc  contain  local  segregations  of  impurities 
which  lower  the  quality  of  the  material  and  aiake  it  imsuitahle  for  sale  as 
first-quality  talc.  This  product  is  conparahle  to  ground  soapstone,  and  there 
is  some  overlap  in  this  inarket  between  talc  and  soap-stone.  This  overlapping, 
however,  is  insignificant  when  contrasted  with  the  total  volume  of  either 
talc  or  soapstone  Production. 

Tne  soapstone  industry, ’■  in  the  United  States  is  largely  in  the  hands  of 
one  company,  the  Virginia  Alberene  Corporation,  with  mills  and  quarries  at 
Schuyler,  Va.  The  purpose  of  this  paper  is  to  describe  briefly  the  proper¬ 
ties,  uses,  and  methods  of  quarrying  and  manufacture  of  soapstone,  as  well 
as  general  conditions  in  the  industry. ,  The  help  of  the  officials  of  the 
Virginia  Alberene  Corporation, is  acknowledged. 

USHNITION 

Theoretically,  talc  is  a  hydrous  met^silicate  of  magnesiim  with  a  defi¬ 
nite  chemical  composition,  expressed  by  thp  formula  HoMg3( Si  03)4.  Actually, 
however,  the  silica  or  magnesia. content  may  vary  as  much  as  3  or  4  per  cent 
with  little  change  in  the  appearance  of  the  mineral.  Iron  oxide  is  the  prin¬ 
cipal  impurity.  Talc  commonly  is  called  steatite  or  soapstone,  but  these 
terras  apply  more  accurately  to  modifications  of  true  talc.  Steatite  usuallj’’ 
is  defined  as  massive  talc  that  may  be  used  in  block  form  ;  Trench  chalk  is 
the  most  common  example.  Soapstone,  in  its  original  sense,  apparently  was 
sjuionomous  with  steatite,  •  Agalraatolite  is  a  name  given  to  both  massive  talc 
and  massive  pyrophyllite,  but  it  more  properly  should  be  reserved  for  the 
latter. 

At  present,  proper  usage  demands  that  the  terra  "soapstone"  shall  in- 
elude  all  massive  gray  to  bluish  or  greenish  talcose  rocks  which,  with  few 
exceptions,  have  a  soapj'"  feel  and  can  be  carved  easily  with  a  irnife.  Prac¬ 
tically  all  soapstone  which  ha.s  been  produced  commercially  is  in  reality  a 
raetamorphic  rock,  composed  of  only  50  to  80  per  cent  of  talc  (hydrous 
metasilicate  of  magnesium)  inti’'aa.tely  mixed  with  varying  proportions  of 
cVilorite,  amphibole,  p^/roxene,  and  mica,  as  well  as  pyrite,  qmrtz,  calcite, 
or  dolomite.  Soapstone,  therefore,  generally  is  a  rode  rather  than  a  mineral, 
although  the  terra  may  bo  used  accurately  to  refer  to  massive  talc,  however 
pure.  Regardless  of  the  indefinite  mineral  composition  of  the  material,  how¬ 
ever,  analyses  of  tyoical  samples  reveal  that  the  magnesia  content  of  com¬ 
mercial-grade  soapstone  is  at  least  20  per  cent,  A  parallel  situation  exists 
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with  limestone  and  calcite.  A  hed  of  iranure  limestone  containing  only  60  to 
75  ner  cent  of  calcinm  carbonate  can  not  he  called  calcite,  althoii^  a  de¬ 
posit  of  pure  calcite  may  justly  he  designated  as  limestone. 

This  paper  is  concerned  only  with  soapstone,  and  throughout  this  dis¬ 
cussion  the  term  will  he  used  as  it  properly  is  applied  in  present-day  com¬ 
mercial  nomenclature. 


HISTORY 

Prohahly  the  earliest  known  uses  of  soapstone  were  dependent  unon  the 
ease  with  which  it  could  he  cut.  Early  Egyptian  scarabs  and  amulets  were 
carved  steatite  coated  with  a  blue  vitreous  glaze.  The  Assyrians  used  it  for 
si^piets,  and  numerous  carhed  steatite  ornaments  were  found  among  ruins  in 
Rhodesia,  For  centuries  the  Chinese  and  Japanese  have  carved  weird  figures 
out  of  steatite  or  a^lmatolite:  the  handiwork  of  the  present  generation  may 
he  purchased  in  any  Oriental  curio  shop. 

The  cathedral  of  Trondhjera,  Eorway,  was  built  about  1200  A.  D.  of  soap¬ 
stone  from  Gudhransdal.  The  structure  recently  was  rebuilt  to  repair  damage 
due  to  vandalism  and  fire,  but  otherwise  the  stone  is  in  good  condition.  It 
has  hardened  considerably  since  the  building  was  first  erected.  Steatite 
found  in  association  v’ith  serpentine  near  Cornwall,  England,  was  used  in  the 
manufacture  of  old  Worcester  porcelain. 

Soapstone  was  first  used  in  the  United  States  by  the  American  Indians, 
who  early  recognized  its  hert-rctaining  qualities.  Soapstone  bowls,  pots, 
cooking  stones,  and  other  utensils  made  by  the  Indians  are  on  display  in  many 
museums.  This  utilization  gave  rise  to  the  term  "potstone,”  ^hich  still  is 
applied  to  soapstone  in  some  localities. 

The  deposit  of  soapstone  in  Albemarle  County,  Va,.,  was  first  opened  on  a 
semi  commercial  scale  about  1880,  From  then  until  now  the  history  of  the  soap¬ 
stone  industry  parallels  that  of  the  Virginia  Alberene  Corporation.  John  G. 
Porter  was  responsible  for  the  development  of  the  deposit,  and  the  present 
company  is  a  direct  outgrowth  of  his  early  activities.  Soapstone  has  been 
produced  from  this  deposit  for  more  than  50  years. 

The  original  quarries  were  located  at  Alberene,  Va.  ,  but  present  activi¬ 
ties  are  centered  at  Schuyler,  just  across  the  Albemarle  County  line  in  Nelson 
County.  Several  quarries  are  operated.  The  exact  number  as  well  as  their 
output  is  directly  dependent  upon  demand,  but  the  us-ioal  average  is  four  or 
five. 

Other  States  have  produced  soapstone,  but  Virginia  has  dominated  the  in¬ 
dustry,  In  1913,  there  was  1  producer  each  in  Maryland,  North  Carolina,  and 
Rhode  Island;  2  in  Vermont;  and  6  in  Virginia,  the  latter  State  producing 
more  than  85  per  cent  of  the  total.  The  following  year  Virginia  produced  15 
times  as  much  soapstone  as  the  other  four  States,  and  in  1915,  23  times  as 
much.  Production  in  1916  was  virtually  all  from  four  quarries  in  Virginia, 
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altlioiigh  California  and  Kliode  Island  re‘)orted  activity.  iHie  entire  outnut 
for  tlie  follov7ing  year  was  from'  turee  Virginia  qua.rries.  5’or  the  next  three 
years  Vermont  and  California  retorted  sporadic  production,  hut  in  1931  the 
Virginia  Alherene  Corporation  was  the  only  producer  of  any  consequence. 

From  1922  to  1926  fo’nr  new  com.nanies  in  Virginia  and  one  in  North 
Carolina  were  organized  to  exploit  soapstone,  hut  in  1927  onl^r  ono  company 
remained  active.  Meager  reports  from  California  indicate  that  in  1923  soap¬ 
stone  from  Oroville,  Butte  Gountj.-,  Calif.,  was  being  shipped  to  chemical 
plants  in  the  San  Nrancisco  district.  Later  information,  howe^^er,  has  inti¬ 
mated  that  this  material  may  have  been  talc  rather  than  soaiTstone.  Since 
1929,  the  product  of  the  Virginia  corporation  has  been  the  only  soapstone  ex¬ 
tensively  marketed,  although  locally  small  quantities  of  similar  material  may 
have  been  produced, 

COMPOSITION  AND  PR0P3BTI3S 

Soapstone  is  typical  of  all  metamorphic  rocks  in  that  its  chomical  and 
physical  properties  may  vary  considerably.  Since  talc  is  the  essential  min¬ 
eral  of  soapstone,  analyses  of  most  samples  show  some  resemblance  to  the 
theoretical  composition  of  talc,  which  is:  SiOg,  63.5'  per  cent;  MgO,  51,7  per 
cent;  and  H^C,  4.8  per  cent.  Iron  oxide,  aluirdna,  and  lime  are  the  other 
princiT)al  constituents  of  soapstone.  Results  of  analyses  made  by  Mellon 
Institute  of  seven  samples  of  soapstone  are  summarized  in  the  following  table. 

Chemical  Composition  of  Soapstone^ 


Maxi’mim  Mininrum  Average 


Silica .  •  40,20  ,  34,12  ,  56,11 

Alumina  .... .  9,10  *  5.45  ;  6-.  73 

Iron  oxide  ..  ;  11.75  i  3.84  ;  9.96 

Lime .  .  6.39  1  3.19  |  3.99 

Magnesia  ...-.  j  29.03  '  23.69  ‘  25.48 

Titania .  .  0.48  ;  0.28  *  0.35 

Alicalies  ....  j  0.37  '  0.13  0.23 

Ignition  loss  |  18,36  3,44  !  14,87 


1  -  Courtesy  of  Virginia  Alberene  Corporation, 


Soapstone  which  contains  no  carbonate  impurities  is  comparatively  inert; 
chemically  even  at  high  temueratures  it  resists  the  action  of  strong  acids 
and  alkalies.  The  durability  of  the  stone  depends  upon  this  same  property. 
Although  some  grades  may  be  easily  abraded,  soapstone  shows  little  or  no  de¬ 
terioration  v/hen  exposed  to  weathering  agencies,  even  for  very  long  periods. 

Soapstone  is  a  dense,  massive,  fine-grained  rock.  It  varies  in  color 
from  light  gray  through  shades  of  blue  to  dark  blue  with  occasionally  a 
greenish  cast.  The  average  weight  of  commercial  stone  is  about  180  pounds  a 
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culDic  foot,  vraicli  is  equivalent  to  a  specific  gravity  of  nearly  2.9.  It  is 
virtually  no nal) sorbent;  in  fact,  most  soapstones  show  an  absorption  by  weight 
of  less  than  0.1  per  cent.  Locally,  the  stone  niay  be  fractured  or  may  lack 
uniformity.  Tlie  deposits,  however,  have  no  regular  system  of  joints  or 
cleavage,  although  the  grain  of  the  rock  usually  is  pronounced.  Soaustone 
has  little  tendency  to  snlit  or  spall. 

i 

The  hardness  of  soapstone  varies  considerably;  that  now  being  produced 
commercially  is  divided  into  three  grades:  soft,  regular,  and  liard.  The 
soft  stone  is  typical  of  the  usual  conception  of  soapstone.  It  is  soft  enough 
to  be  scratched  with  a  finger  nail,  but  its  strength  is  satisfactory  for 
numerous  uses.  The  hard  grade  contains  a  sufficiently  high  percentage  of 
siliceous  material  to  make  it  considerably  harder  and  more  durable  tloan  common 
soapstone.  It  is  best  suited  for  stair  treads,  floor  tile,  and  similar  uses. 
The  so-called  regular  grade  is  by  far  the  most  abundant.  Its  properties  are 
midway  between  the  hard  and  the  soft,  and  virtually  all  fabricated  soapstone 
equipment  with  interlocking  joints  is  made  of  this  quality  of  stone. 

The  ease  of  vrorkability  is  the  most  valuable  characteristic  of  soapstone. 
Its  comparative  softness  and  its  massive  uniformity  combine  to  malce  it  the 
most  easily  fabricated  of  all  natural  stones.  It  may  be  tongued,  grooved, 
trimmed,  or  bored  with  ordinary  woodworking  tools.  Regardless  of  these  char¬ 
acteristics,  however,  soanstone  has  remarkable  transverse  and  compressive 
strengths.  The  following  table  gives  a  summary  of  tests  made  of  representative 
soapstone  samples. 


Physical  Strength  of  Soapstone'^ 


Thickness  of 


sample,^  ! 
inches  i 

Transverse  strength 

Compressive  strength 

t'-goft 

Regular 

Hard 

Soft 

Regular 

Hard 

1  i 

Maximum 

2190 

2590 

4120 

5200 

7000 

14300 

! 

i 

Minimum 

1930 

2530 

3730 

3300 

6100  ' 

8900 

! 

Average 

2060 

2560 

3930 

4150 

6580 

11420 

li 

Maccimum 

;  2200 

4250 

3110 

3800 

1 

Minimum 

2050 

2550 

2630 

3500 

! 

Average  . 

i  2140 

3400 

2870 

3650 

! 

Maximum 

i  2390 

3000 

3670 

1 

Minimum  • 

:  2160 

2380 

3050 

Ave':*age 

i  2310 

2340 

3370 

1 

2  ! 

Maxiraum 

i  3420 

3960 

3590 

8000 

15300 

11300 

( 

Minimum 

;  1870 

2930 

3010 

3100 

6300 

5100 

1 

Average 

'  2340 

3450 

3300 

4650 

9830 

8530 

Average  of  all 

samples 

V" 

1  2390 

3060 

3370 

r—  '  — 

4320 

8230 

9980 

1 

2 


Courtesy  Virginia  Alberene 

Samnles  for  transverse  test 
inch  span,  loaded  at  center 
transverse  test  samples. 


Corporation, 

s  4  by  14  inches,  supported  on  Icnife  edges,  12- 
;  samples  for  compressive  tests,  cubes  cut  from 
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Soapstone  takes  up  heat  sloT7l;'’,  "but  once  hot  it  tends  to  hold  its  ah- 
sorhed  heat  considerably  longer  than  other  natural  stones.  H’or  all  practical 
purposes  it  is  fireproof,  ou.t,  upon  heating  to  a  temperature  of  about  1,3Q0^^ 

F.,  it  changes  color  and  hecomes  quite  hard.  The  specific  heat  and  the 
dielectric  strength  of  soapstone  are  nnus-oally  high.  All  these  properties  are 
utilized  in  various  specialized  applications  of  the  stone. 

USES 

The  various  uses  of  soapstone  are  related  to  both  its  chemical  and  its 
physical  cliaracteristics.  Several  of  the  most  common  uses  are  dependent  upon 
its  comparative  chemical  inertness,  seme  upon  a  combination  of  chemical  com¬ 
position  and  physical  properties,  and  others  have  no  direct  relation  to  either. 

The  chemical  inertness  of  soapstone  has  led  to  its  wide  use  for  labora.tor:/ 
equipment;  in  fact,  many  modern  laboratories  are  co:.iPletely  furnished  with 
soapstone  table  tops,  sinlcs,  drain  boards,  gutters,  fume  hoods,  shelving, 
floors,  and  tanks  as  well  as  miscellaneous  special  equipment.  Similar  use  of 
the  stone  is  made  in  acid  a.nd  other  chemical  Plants  for  vats,  floors,  shelves, 
wainscoting,  and  other  parts  of  the  plant  which  may  be  subjected  to  the  des¬ 
tructive  action  of  chemicals  or  f’omes.  These  applications  consume  only  about 
10  per  cent  of  the  total  volime  of  soapstone  produced. 

The  use  of  the  stone  in  c^.^e  Plants  depends  upon  its  low  absorption  as 
v'e!l.l  as  its  chemical  inertness,  ITlien  soapstone  tanZes  are  used,  it  has  been 
found  possible  to  change  from  ono  color  to  another  with  no  appreciable  con¬ 
tamination  by  merely  rinsing  the  tanic  thoroughlj''  between  sedations.  These 
properties  have  eneceraged  its  use  in  storage  tan]:;s  for  acid  or  allcali  solu¬ 
tions.  Surface  stains  are  removed  easil7/  by  " Garbo rundtun"  honing  or  sand¬ 
papering. 

In  addition  to  the  laborator:/’  eqxiipment  already;’  mentioned,  soapstone  is 
used  for  a  variety  of  purposes  in  which  the  general  adapt a'bil it ■?'  of  the  stone 
is  more  important  than  its'  specific  property  of  acid  or  allcali  resistance, 

Among  these  uses  are  for  Photograph,  blueprint.  X-ray,  and  cardiagraph  develop¬ 
ing  tonics;  autopsy,  mortuary,  and  mausoleum  slabs;  animal  kennels  and  cages, 
particularly  for  hospitals  and  related  institutions;  and  miscellaneous  equip¬ 
ment  for  all  types  of  research  laboratories. 

A  good  description  of  the  use  of  soapstone  in  the  paper  industry  is 
given  in  "Talc  and  Soapstone  in  Canada"  by  Spence.^ 

One  of  the  most  extensive  uses  of  block  soapstone  is  for  lining 
the  smelting  furnaces  of  sulphate  (kraft)  pilp  mills.  In  such  mills, 
furnaces  are  used  to  smelt  the- black  ash  formed  during  the  initial 
stage  of  recover:/  of  the  alkali'  in  the  waste  liquor  from  the  di¬ 
gesters.  These  furnaces  are  of  stationary  type  and  are  lined  with 

3  -  Spence,  H.  S,,  Talc  and  Soapst^ohe  in  Canada:  Canada  Dept,  Mines,  1922, 
p.  55, 
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soapstone.  Into  then  is  introduced  the  "black  ash,  mixed  vrith  sulphate 
of  soda  and  sawdust,  and  the  whole  is  then  hurned,  the  fused  aHaili 
"being  run  out  into  a  dissolving  tank. 

In  addition  to  its  resistance  to  fire  and  alkali  under  such  con¬ 
ditions,  soapstone  has  the  merit  of  offering  a  surface  to  which  the 
fused  alkali  will  not  adhere,  and  thus  the  furr-ace  walls  do  not  re¬ 
quire  to  "be  cleaned. 

The  requirements  in  a  soapstone  for  sulphate  uulp  furnaces  are: 
fine  to  medium  grain,  compactness  and  homogeneous  composition,  and 
freedom  from  flaws  and  cracks.  It  should  consist  largely  of  talc, 
and  contain  no  car"bona.tcs  (dolomite,  calcite)  or  pyrites.  The  stone 
should  possoss  a  inassive,  as  opposed  to  a  schistose  texture,  since 
schistose  soapstone  tends  to  spall  readily  and  has  little  strength. 

The  discovery  of  a  soapstone  possessing  the  above  characteristics, 
in  Canada,  would  "be  of  considerable  benefit  to  domestic  paper  mills, 
since  the  quantity  used  is  large  a.nd  the  cost  of  the  imported  stone 
high  -  from  $5  to  $6  per  cubic  foot,  laid  down. 

The  soapstone  bricks  used  vary  in  size.  Common  dimensions  are: 

12  X  12  X  6  inches;  12  x  6  x  6  inches;  12  x  6  x  3  inches;  18  x  12  x  8 
inches;  18  x  12  x  12  inches. 

Before  1910  virtually  all  soapstone  used  in  American  paper  mills  was  im¬ 
ported  from  Sweden.  The  American  mills  were  gradually  learning  the  advantages 
of  dealing  with  an  American  source  of  supply  when  the  World  War  brought  on 
•chaotic  trade  conditions  which  accelerated  the  change  already  talcing  place. 
Actual  use  of  stone  from  the  "Virginia  deposits  showed  that  it  was  satisfactory 
in  quality  and  that  the  service  from  domestic  sources  was  superior  to  that 
from  imports.  Consequently,  this  use  has  increased  until  it  now  comprises 
about  40  per  cent  of  the  total  output. 

The  other  common  uses  of  soapstone  are  more  dependent  upon  Its  physical 
proberties • than  its  chemical  composition.  Laundry  tubs  and  kitchen  sinks  are 
the  oldest  representatives  of  this  group.  They  were  first  made  at  Alberene, 

Va. ,  about -60  y oars  ago.  Bor  more  than  50  years,  they  represented  the  greater 
part  of  the  soapstone  b\::siness.  T/ithin  the  past  10  years,  however,  the  laun¬ 
dry  tub  market  has  decreased  until  now  it  comprises  only  about  10  per  cent  of 
the  total  volume  of  sconrstone  production.  Competitive  materials,  electric 
washing  machines,  partia,!  saturation  of  potential  markets,  promotional  activi¬ 
ties  of -laundiies,  and  the  trend  toward  apartments  have  been  responsible  for 
the  slump  in  the  demand  for  laundry  tubs.  The  sale  of  tubs  finished  in  bright 
colors  has  aided  in  meeting  the  desire  for  color  in  home  furnishings. 

The  durability,  uniformity,  workability,  comparative  nonabsorption,  and 
neutral  color  of  soapstone  make  it  desirable  for  numerous  architectural  adapta¬ 
tions.  The  increased  use  of  soapstone  in  building  construction  during  the 
past  few  years  has  more  than  offset  the  decline  in  laundry  tub  production. 
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Large  quantities  of  scans tone  have  heaiused  for  sanitary  partitions,  shower 
compartments,  sills,  interior  trim,  wainscoting,  spandrels,  and  exterior  trim. 
Two  other  important  architectural  uses,  stair  treads  and  floor  tile,  are  the 
princinal  outlets  for  the  hard  grades.  The  use  of  soapstone  in  combination 
with  marble  and  other  decorative  stone  is  being  actively  promoted  at  present. 
The  greatest  possibility  for  exoansion  of  soapstone  production  is  generally 
acknowledged  to  be  through  the  increased  use  of  the  stone  for  various  archi¬ 
tectural  purposes.  In  fact,  at  present  soapstone  logically  should  be  included 
in  any  discussion  of  the  dimension  stone  industry.  The  volume  of  production 
is  small  when  compared  with  other  more  corTmon  building  stones,  but  in  its 
particular  field,  soapstone  is  of  noticeable  importance, 

Tlie  high  dielectric  strength  of  soapstone,  combined  with  its  uniform  tex¬ 
ture,  low  absorption,  freedom  from  metallic  veins-,  resistance  to  flame  action 
and  high  mechanical  strength,  makes  it  an  especially  desirable  material  for 
electrical  insulation.  Here  again,  however,  the  advantage  of  easy  workability 
must  not  be  underestimated,  'for  the  rapidity  and  accuracy  with  which  soapstone 
can  be  machined  undoubtedly  is  directly  responsible  for  much  of  its  popularity 
among  electrical  manufacturers;  It  is  used  for  switchboards,  "panels,  barriers, 
bases,  circ"uit  brealcer  compartments,  rnsulating  floor  slabs,  battery  room 
shelving  or  flooring,  and  for  other  related  purposes. 

The  high  heat-retention  properties  of  soapstone  led  to  its  use  as  pot- 
stones  and  cooking  utensils  by  both  the  Indians  and  the  early  American  settlers 
Until  the  last  few  years  an  appreciable  part  of  soapstone  "production  was  util¬ 
ized  in  the  manufacture  of'  griddles,  fireless  cookers,  oven  floors  and  grates, 
footwarraers,  snow  melters,  and  hearths.  At  present,  however,  more  modern  con¬ 
trivances  have  supplanted  most  of  these  products  although  soapstone  still  is 
being  used  in  large  commercial  travelling  ovens  and  electrical  fireless  cookers 

When  heated  to  a  temperature  of  about  1,800°  F. ,  some  grades  of  soapstone 
turn  to  a  golden  brown  color  and  become  so  hard  that  they  can  not  be  scratched 
■with  an  ordinary  knife.  Considerable  research  work  has  been  done  in  attempts 
to  utilize  this  property  commercially  in  the  production  of  floor  tile  or  decor¬ 
ative  stone  for  use  where  "hardness  and  durability  are  important  factors.  Re¬ 
sults  obtained  in  using  the  material  have  been  entirely  satisfactory,  but  manu¬ 
facture  is  difficult.  The  princ"ipal  constituent  minerals  of  soapstone  contain 
water  of  crystallization  which  is  driven  off  at  varyrng  temperatures,  depending 
upon  the  exact  composition.  In  order  to  avoid  cracking  while  the  soapstone  is 
being  heated,  the  temperature  must  be  held  constant  for  several  minutes  at  the 
critical  point  or  points  of  the  particular  sample.  Obviously,  in  mass  producti 
with  varying  critical  temperat"ures  this  is  impractical  and,  as  a  res"ult,  in  the 
man"afacture  of  such  tile  a  heavy  loss  is  incurred  because  of  fracturing. 

A  modification  of  this  same  principle  which  apparently  has  possibilities 
is  heating  of  soapstone  dust,  the  resultant  product  to  be  used  as  an  abrasive. 
Various  grades  and  sizes  could  be  produced.  The  process  is  patented,  but  no 
commercial  utilization  has  been  attempted.  ■  I' 
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Only  an  insignificant  nart  of  soapstone  waste  is  now  "being  utilized  prof¬ 
itably.  Small  q-uantities  of  irre,galarly  broken  slabs  are'  used  locally  in 
landscaping  as  stepping  stones  or  for  rock  gardens.  Unfortunately,  the  iso¬ 
lated  location  of  the  deposits  prevents  extensive  development  of  this  market 
possibility.  Soapstone  has  been  used  in  Schuyler  and  vicinity  for  masonry  con¬ 
struction.  Crushed  soapstone  has  been  used  satisfactorily  as  concrete  aggre¬ 
gate,  but  this  outlet  logically  is  confined  to  local  utilization. 

The  only  outlet  for  waste  soapstone  of  any  appreciable  size  or  importance 
is  in  pulverized  form.  Ground  soapstone  has  been  used  for  a  variety  of  pur¬ 
poses  in  direct  competition  with  other  pulverized  rock  including  the  lower 
grades  of  talc.  It  does  not  compete  with  high-grade  talc,  especially  for  uses 
in  which  color  is  an  important  factor.  At  present  the  rubber  and  roofing 
trades  are  the  largest  consumers'.  It  is  used  principally  for  dusting  raw  or 
processed  material  in  various  stages  of  manufacture  to  prevent  sticking,  al- 
thou^  it  ie  reported  that  some  of  it  may  be  used  as  a  filler.  Considerable 
quantities  are  exported;  one  large  rubber  company  in  Singapore  using  it  for 
dusting  raw  iru.bber  to  be  shipped  into  this  country.  Much  of  the  tire  powder 
used  to  sprinkle  between  casings  and  inner  tubes  is  ground  soapstone. 

Ground  soapstone  has  been  found  to  be  satisfactory  for  rock  dusting  of 
coal  mines,  a  precautionary  measure  extensively  used  in  the  coal  mining  .industry 
to  prevent  the  spread  and  the  occurrence  of  coal-dust  explosions.  However,  in 
most  raining  districts  competition  from  low-priced  ground  limestone  is  severe. 

The  extrera';ly  low  absorption  of  soapstone  should  be  desirable  in  connection 
with  rock  dusting,  but  no  studies  have  brought  out  this  feature. 

The  use  of  admixtures  in  concrete  has  attracted  much  attention  during  the 
past  few  years.  Humorous  products  have  been  introduced,  all  of  which  claim  in¬ 
creased  worlcability  and  denser  concrete  as  their  princi^oal  advantages.  Ground 
soapstone  has  been  used  successful!?/  for  this  purpose,  but  no  attempts  have 
been  made  to  promote  its  distribution  on  a  large  scale. 

The  manufactiire  of  floor  tile  made  of  ground  soapstone,  sawdust,  and  Port¬ 
land  cement,  appears  to  he  worthy  of  further  research.  This  type  of  flooring 
combines  resilience  and  durability,  and  it  is  especially  adaptable  to  industrial 
buildings.  Its  commercial  development  no  doubt  would  stimulate  production  of 
ground  soapstone. 


GEOLOGY 

Although  numeron.s  authorities  have  studied  the  geology  of  soapstone,  it 
is  generall?/  agreed  tliat.  much  additional  work  must  be  done  to  determine  its 
origin  in  detail.  The  consensus,  however,  is  that  soapstone  is  secondary, 
having  been  formed  usually  by  the  alteration  of  a  basic  igneous  rock.  Such 
rocks  necessarily  would  have  to  be  high  in  magnesia;  as  for  example,  pyroxenite, 
amphibolite,  dunite,  or  peridotite.  In  some  minor  occurrences,  soapstone  has 
resulted  from  the  metamorphosis  of  dolomitic  limestone.  Most  deposits  char¬ 
acteristically  occur  in  long  jiarrow  belts  rou,^:ly  parallel  to  the  general  trend 
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of  the  coiintry  rock.  This  orientation  suggests  derivation  from  sedimentary 
rocks,  hut  additional  evidence  in  manj/*  localities  virtually  proves  that  the 
soapstone  bodies  are  dikes  rather  than  strata. 

The  soapstone  deposits  near  Schuyler,  Va.,  occur  as  lenses  and  irregularly 
shaped,  elongated  bodies  lying  in  or  along  the  edges  of  larger  intrusions  of 
partially  metamorphosed  gahhro  or  pyrcxenite.  Cambrian  schists  predominate 
throughout  the  region.  The  general  strike  of  the  schists  is  from  N.  40°  E,  to 
N.  60°  E, ,  and  the  dip  varies  from  50  to  80°  to  the  southeast.  Both  the  raeta- 
igneous  intrusions  and  the  soapstone  di'iies  lie  roughly  parallel  to  the  strike 
of  the  country  rock,  although  locally  this  orientation  may  vary.  The  soapstone 
lenses  range  in  size  from  virtua,lly  nothing  uo  to  iiimense  bodies  1,500  to  2,000 
feet  long  and  300  feat  wide.  Their  death  is  not  Icnown,  At  the  present  rate  of 
production,  there  is  enough  available  soapstone  at  and  near  Schuyler  to  last 
for  50  to  100  years. 

Burfoot^  has  made  a  c’omnrehensive  study  of  the  origin  of  the  talc  and 
soapstone  deposits  of  Virginia.  His  complete  report  ultimately  will  be  avail¬ 
able  as  a  bulletin  of  the  Virginia  Geological  Survey.  In  an  interesting  paper 
originally  presented  at  the  1929  annual  meeting  of  the  A.T.M.E.,  Ryan"  dis¬ 
cusses  the  geology  of  Virginia  soapstone,  especially  with  reference  to  mining 
problems.  These  references  should  be  consulted  for  additional  information  on 
the  origin  and  geology  of  soapstone. 

GEOGEAHIIGAL  DISTRIBUTION 

The  existing  confusion  in  the  use  of  terms  "talc,"  "steatite,"  and  "soap¬ 
stone"  makes  it  extremely  difficult  to  correlate  reports  of  deposits  with  soap¬ 
stone  as  it  commonly  is  known.  In  referring  to  some  foreign  deposits,  the 
terms  apparently  are  used  interchangeably. 

Virginia  has  virtually  a  world  monopoly  on  the  production  of  slab  and 
block  soapstone.  The  principal  Virginia  deposits  form  a  large  belt  which  ex¬ 
tends  through  Nelsor,  Albemarle,  and  Orange  Counties,  At  present,  all  oper¬ 
ations  are  centered  at  Schuyler,  vhich  is  in  Nelson  County  only  a  short  dis¬ 
tance  from  the  Albemarle  line.  Minor  deposits  of  soapstone  occurring  in  assoc¬ 
iation  with  talc  have  been  worked  in  Eairfax,  Erajiklin,  Amelia,  and  Henry 
Counties, 

Soapstone  lias  been  produced  in  Vermont,  Maryland,  North  Carolina,  Rhode 
Island,  and  New  Hampshire,  but  all  these  operations  have  long  since  been 
abandoned.  Little  is  loiown  regarding  any  of  these  deposits,  but  cessation  of 
activity  apparentl3r  vras  caused  in  most  instances  by  a  combination  of  technical 
and  economic  difficulties.  In  1930,  soapstone  production  was  reported  in 
California,  but  available  information  re.garding  it  indicates  that  it  more 


4  -  Bujfoot,  J.  D, ,  jr.,  The  Origin  of  the  Talc  a.nd  Soapstone  Deposits  of 

Virginia:  Jour.  Econ.  Geol.,  vol.  25,  1930,  pp,  805-826, 

5  -  Rj^'an,  C.  W. ,  Soapstone  Mining  in  Virginia:  Am.  Inst.  Min.  and  Met.  Eng., 

Tech.  Pub.  160,  1929,  31  pp. 
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properly  should  he  classified  as  talc.  A  large  deposit  of  soapstone  reported 
near  Benton,  Arkansas never  lias  attracted  much  attention  because  of  its  in¬ 
accessible  location.  • 

The  Canadian  paper  manufacturing  in.dustrj'’  constitutes  an  imucrtant  market 
for  block  soapstone,  much  of  phich  now  is  supplied  from  the  United  States. 

Since  about  19P4,  however,  considerable  interest  has  been  shown  in  the  Canadian 
deposits,  and  production  has  been  reported  from  the  Lake  of  the  V/oods  region 
of  western  Ontario  and  from  the  Bi-ovince  of  Qp.ebec.  These  deposits  are  located 
relatively  close  to  many  of  the  large  paper  mills,  and  it  is  reasonable  to  ez- 
pect  increased  production,  possibly  to  the  ultimate  exclusion  of  Virginia 
stone. 


Deposits  of  soapstone  in  the  Scandinavian  countries  have  been  worked  for 
many  years,  princi-nally  for  furnace  blocks  and  structural  purposes.  Ifomerous 
occurrences  of  soapstone  have  been  reported  in  India,  Cliina,  and  other  coun¬ 
tries,  but  none  has  been  developed  commercially  except  as  a  local  source  of 
foot-warmers,  carved  ornaments,  grates,  or  similar  minor  commodities. 

PROSPECTING 

No  development  work  in  aip/  soapstone  deposit  ever  should  be  attempted 
without  complete  Icnowledge  of  its  extent,  quality,  and  uniformity.  A  careful 
scrutiny  of  outcrops  wil?.  reveal  something  of  the  nature  of  the  stone  and  the 
value  of  such  a  reconnaissance  is  considerable,  but  additional  information 
generally  is  necessary  to  determine  the  actual  worth  of  the  deposit.  Ryan’s° 
opinion  is  worth  consideration. 

The  stud,y  of  surface  indications  can  give  at  best  only  approxi¬ 
mate  ideas  as  to  the  nature  of  the  underlying  stone.  The  best  indi¬ 
cator  is  the  outcrop  of  uniform  rosistance  to  the  olem.ents,  with  an 
even  distribution  of  talc  and  a  relative  freedom  from  carbonate  iii>- 
purities.  The  core  drill  must  be  relied  upon  to  verify  or  nullify 
these  indications, 

Formerly  a  series  of  trenches  was  dug  at  promising  locations  to 
uncover  the  outcrop  more  completely,  as  it  was  thou^t  that  a  more 
satisfactory  study  of  the  qua.lities  of  the  stone  could  be  made  in 
that  way.  This  method  is  expensive  and  can  not  compare  with  core- 
driliir.g,  either  in  cost  or  scope  of  information  obtained.  The 
diamond  drill  will  show  the  conditions  at  depth,  will  indicate  the 
proportions  and  nature  of  the  various  grades  of  stone,  and  will  give 
some  information  of  fissures. 

The  value  of  consulting  the  State  geologist  should  not  be  overlooked. 

Many  States  maintain  a  well- equipped,  competent  geological  survey,  the  membors 
of  which  may  have  accarate  geologic  knowledge  of  the  deposits  in  question. 
Ordinarily  this  service  is  free,  and  the  information  received  may  prevent  un¬ 
wise  expenditures  both  in  prospecting  and  development. 

6  -  Ej;-an,  C.  W.,  Work  cited,  p.  17. 
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If  a  preliminary  investigation  appears  to  justify  the  expense  of  develop¬ 
ing  the  deposit,  a  competent  engineer  should  he  employed.  His  duties  should 
he  twofold;  first,  to  checlc  the  results  of  the  original  prospectors  and  en¬ 
large  on  that  information;  end  second,  to  supervise  the  actual  development. 

The  importance  of  this  procedure  can  not  he  overestimated. 

qiliREYIHG 

The  limited  scope  of  this  report  prohibits  a  detailed  discussion  of  soap¬ 
stone  q^jarrying  methods.  However,  the  prohlems  are  virtually  identical  to 
those  encountered  in  marhle  quarryi’ug,  except  that  soapstone  is  softer  and  no 
attention  has  to  he  given  to  the  position  of  markings  like  those  which  enhance 
the  va,lue  of  polished  luarhles.  On  the  other  hand,,  the  softness  of  soapstone 
necessitates  extreme  care  in  hand3.ing  it.  An  excellent  discussion  of  all 
phases  of  qua.rrying  and  preparation  of  marhle  is  given  in  a  'imper  hy  Bowles, 
This  report  no  longer  is  available  for  distribution,  hut  it  can  he  consulted 
in  most  libraries. 

The  paper  hy  Ryan^  is  devoted  directly  to  the  mining  of  soapstone,  numer¬ 
ous  other  articles  of  lesser,  importance  on  various  phases  of  the  industry  have 
been  published  in  trade  journals.  The  following  brief  discussion  describes 
practices  at  Schuyler,  Va. ,  the  home  of  the  only  active  producing  company. 

The  normal  size  of  quarries  at  Schuyler  is  100  feet  long  hy  100  to  120 
feet  wide.  Tlie  actual  width  is  governed  hy  the  size  of  the  dike.  Sufficient 
soapstone  to  provide  a  good  face  is  left  in  place  along  the  hanging  wall. 

Fnen  a  series  of  quarries  is  opened  along  the  dike,  pillars  22  feet  wide  are 
left  standing  between  operations.  The  top  five  or  six  floors  of  these  pillars 
may  he  salvaged,  hut  usually  they  are  left  standing  to  support  the  walls  of 
the  abandoned  quarries.  The  ultimate  depth  of  any  quarry  depends  directly 
upon  the  condition  of  the  walls.  Some  operations  have  been  abandoned  when 
only  about  100  feet  deep,  but  the  average  depth  is  nearly  200  feet.  The 
deepest  quarry  over  operated  at  Schuyler  was  271  feet. 

The  soapstone  operator  should  have  a  thorough  understanding  of  wall  con¬ 
ditions,  for  the  safety  of  the  men  working,  in  the  pit  depends  directly  upon 
him.  Quarry  walls  like  mine  roofs  rarely  give  way  without  showing  preliminary 
evidences  of  weakness.  A  superintendent  with  mining  experience  is  an  asset 
in  soa.pstone  quarrying  for  soiond  kno’wledge  of  conditions  in  the  pit  not  only 
may  avoid  serious  accidents,  but  also  may  permit  deeper  working  of  quarries 
which  under  less  competent  management  would  be  abandoned  at  some  arbitrary 
depth. 


The  method  as  well  as  the  expense  of  opening  a  new  quarry  depends  directly 
upon  local  geologic  conditions.  Overburden  generally  is  removed  by  steam 


7  -  Bowles,  Oliver,  The  Technology  of  Iferble  Quarrying:  Bull.  106,  Bureau  of 

Mines,  1916,  174  pp, 

8  -  Ryan,  C.  W.,  Work  cited. 
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shovels  and  drag  scrapers.  No  explosives  are  used  during  either  development 
or  quarrying.  Hydraulic  stripring  has  been  used- in  some  instances' tut  no t^ ex¬ 
tensively.  Occasionally,  conditions  a-re  such  that  good  stone  is  found-  on  the 
top  floor,  thereby  greatly  rodticing  the  quantity  of  waste  stone  to  he- handled. 
More  commonly,  however,  tho  first  seven  or  eight  floors  are  principally  v/aste. 

Disposal  of  overburden  and  waste  rock  is  an  important  problem  in  the  soap¬ 
stone  industry.  Dumps  near  operating  quarries  tend  to  aggravate  the  stress 
upon  the  quarry  walls.  It  is  desirable,  therefore,  thr-t  waste  material  be 
dumped  where  it  will  not  interfere  with  uresent  or  futu!re  operations.  The  most 
satisfactory  method  is  to  fill  abandoned  pits  with  the  refuse  from  newly  opened 
quarries.  Mill  waste  also  must,  be  considered,  for  only  about  20  per  cent  of  the 
quarry  output  emerges  from  the  mill  as  finished  product.  Under  favorable  condi¬ 
tions,  this  material  may  be  disposed  of  economically  by  dumuing  it  into  nearby 
abandoned  quarries. 

After  the  overburden  is  removed,  quarry  operations  are  cemraeuaed  by  channel¬ 
ing  across  the  strike  with  either  steam  or  electric-air  channeling  machines. 

The  distance  betwSer.  channel  cuts  varies  from  4  to  6  feet  and  the  average  depth 
is  6-g-  feet.  The  center  cut  is  broken  cut  first,  and  thereafter  all  channel 
cuts  are  undercut  to  their  full  width.  The  undcrcutter  is  a  reciprocating 
machine  which  works  on  exactly  the  same  principal  as  the  channeler.  It  makes  a 
cut  slightly  inclined,  from  the  horizontal.  A  Jeffrey  longwall  undercutter 
equinped  with  Stellite  teeth  is  being  ■’osed  satisfactorily  for  undercutting  in 
quarries  producing  "soft”  stone. 

When  the  entire  width  of  the  quarry  has  been  channeled  and  undercut,  one 
end  of  the  section  is  channeled  and  the  end  block  is  broken  out.  All  blocks 
except  the  end  ones  are  roughly  diamond  shaped  because  all  breaks  are  induced 
along  the  natural  grain  of  the  rock,  the  dip  of  which  may  vary  from  30  to  60°. 

The  blocks  are  broken  out  by  drilling  a  series  of  holes  along  the  natural  part¬ 
ing  planes  of  the  rock  and  then  splittir^g  by  wedging.  The  size  of  the  resultant 
diamond-shaped  blocks  is  roughly  4  by  4  by  6  feet  or  slightly  larger.  Irregu¬ 
larly  sha.p8d  or  considerably  larger  blocks  may  be  quarried  for  special  purposes. 
Each  block  is  graded  according  to  hardness,  color,  and  soundness.  The  uses  for 
every  block  depend  upon  its  grade.  Springing  boom  derricks  are  used  to  lift  the 
blocks  from  the  quarry  floor  and  to  place  them  on  cars  or  stock  niles,  depend¬ 
ing  upon  the  current  mill  requirements, 

MI  LUNG 

The  first  step  in  the  preparation  of  soapstone  is  gang  sawing  of  the 
blocks.  The  spacing'  of  cuts  depends  upon  the  uses  for  which  each  block  is 
intended,  A  high  percentage  of  the  material  is  sawed  into  thin  slabs,  there¬ 
fore,  the  diamond  shape  of  the  blocks  is  not  conducive  to  excess  waste  as 
would  be  the  case  if  large  sq-’oare  or  rectangular  blocics  were  the  ultimate  prod¬ 
uct.  Furthermore,  for  most  uses  the  stone  must  be  sawed  parallel  to  the  rift. 

There  are  38  gangs  at  Schuyler,  the  actual  nnraber  in  operation  at  any  tine 
depending  unon  the  mill  output.  The  saws  are  semiautomatic,  one  man  operates 
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a  "battery  of  foxir.  Sea  sand,  principally  from  Norfolk,  Virginia,  is  the 
abrasive  commonly  used;  miiras  30  ulus  46  mesh  has  been  found  to  bo  most  satis¬ 
factory.  The  sand  is  recovered  throu^^h  a  trap  at  the  bottom  of  each  gang  and 
used  over  and  over,  fresh  sa.nd  being  added  at  the  discretion  of  the  operator. 

In  normal  times  5  or  6  cubic  yarns  of  sand  a  day  is  sufficient  to  supply  all 
saws . 

Each  blade  of  a  gang  is  a  steel  strip  3^  inches  wide  by  12  feet  long  and 
l/8  inch  thick.  This  length  blade  with  an  18  inch  stroke  can-be  used  to  saw  a 
block  up  to  10  feet  in  length.  The  average  speed  of  sawing  during  the  day  is 
84  complete  strokes  a  minute,  but  at  ni.^t  when  there  is  no  power  load  at  the 
mill  the  speed  steps  up  to  about  100  strokes.  The  ra.te  of  cutting  varies  con¬ 
siderably  with  the  grade  of  the  stone,  but  it  averages  about  4  linear  inches 
an  hour.  In  normal  practice  it  takes  a  little  more  than  one  12-hour  shift  to 
saw  a  65“ inch  block. 

Slabs  are  taloen  from  the  gang  saws  either  to  the  stock  mill  or  to  the  cus¬ 
tom  mill.  The  cut  blocics  are  handled  by  an  overhead  crane,  while  in  the  mill 
individ-’oal  slabs  are  conveyed  by  a  monorail  system.  The  stock  mill  uroduces 
routine,  standardized  products  such  as  laundry  tubs,  sinlos,  and  furnace  blocks. 

Slabs  to  be  used  for  laundry  tubs  are  trimmed  with  a  steel-toothed  band 
saw  similar  to  those  used  in  woodworking.  Laundry  tub  slabs  are  gang-sawed 
l/8  inch  thicker  than  the  finished  product.  Therefore,  after  trimming, each 
slab  is  taken  to  a  rubbing  bed  where  the  excess  thickness  is  removed  and  a 
rubbed  finish  is  imparted  to  the  stono.  A  cast-steel  bed  4  inches  thick  and 
45-mesh  crushed  steel  abrasive  are  the  'principal  feakares  of  this  equipment. 

The  life  of  each  bed  is  from  2  Uo  3  years.  By  means  of  an  eccentric  the  stone 
is  moved  back  and  forth  across  the  bed  in  order  to  prevent  grooving  and  to 
insure  unifoimi  wear  on  the  bod  itself.  After  havin*?  been  tongued  and  grooved 
by  "Carborundum"  machines  and  smoothed  by  "Carborundum"  finishers,  the  slabs 
are  ready  for  the  assemblers. 

•> 

One  sraa,ll  bolt  in  each  corner  is  used  in  assembling  laundry  tubs,  but  no 
part  of  it  is  exposed  in  the  interior.  Putty  made  of  linseed  oil,  litharge, 
and  a  small  percentage  of  whiting  binds  .the  tubs  together.  This  natty  expands 
as  it  seasons,  thereby  insuring  water-tight  joints.  In  summer  it  requires 
only  6  to  10  days  to  set  properly,  but  in  cold,  dam'p  weather  it  may  take  2 
months  for  its  final  set.  Plaster  of  Paris  is  used  to  relievo  the  strain  on 
the  bottoms  of  the  tubs  while  the  putty  is  seasoning. 

Soapstone,  like  marble  and  other'  ornamental  stones,  must  be  handled  care¬ 
fully.  Fortunately,  however,  small  fractures  can  be  repaired  so  effectively 
that  the  break  is  unnoticeable.  G-erraen  marble  cement  is  used  to  patch  broken 
corners  or  similar  fractures.  The  slab  is  rubbed  smooth  at  the  break,  and. a 
piece  of  soapstone  matching  it  in  color  and  texture  is  smoothed  to  fit  the 
surface  of  the  slab,  Tliey  are  cemented,  and  the  repair  piece  is  honed  down  to 
conform  with  the  shape  of  the  original  slab.  The  cement  ordinarily  is  stronger 
than  the  stone  itself,  and  the  re^oair  can  be  detected  only  by  min'ute  observation 
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when  the  stone  is  wet.  A  pe.tchins  cement  made  hv  mir-ing  soapstone  dust  with 
marhle  cem.ent  is  used  to  patch  treaks  or  to  fill  uu  holes  which  liave 

"been  gouged  into  the  stone.  This  cement  is  heated  and  pressed  into  place. 

When  cool,  the  roughness  is  sanded  off  and  the  reioair  is  found  to  hlend  per¬ 
fectly  with  the  stone.  A  f ew  of  the  old-timers  in  the  mill  are  experts  at 
mixing  and  using  this  patching  material. 

A  very  important  function  of  the  stock  mill  is  the  production  of  furnace 
clocks  for  use  in  paucr  manufacturing  plants.  Mumerouc  sizes  and  shapes  vsry- 
ing  from  3  inches  to  3  feet  are  produced.  All  cutting  is  done  "by  a  circular 
diamond  saw,  Tlie  most  important  consideration  in  tho  mr.nofacture  of  fiurnace 
blocks  is  the  grain  of  the  stone.  Blocks  laid  in  the  fuiToace  with  the  grain 
parallel  to  the  exposed  surface  would  snail,  therelr;  giving  unsatisfactory 
service. 

At  present  all  other  soapstone  eqiiipraent  is  fahricfttad-  to  specifications 
in  the  custom  mill.  The  general  procedure  is  similar  to  th^  stock  mill  ex¬ 
cept  that  hlueprints  are  followed  on  all  jobs,  ihirtliermore,  much  stone  used 
for  the  products  of  the  custom  mill  is  harder  than  that  \isod  in  laundry  tubs; 
as  a  result,  "Carborundum"  circular  sews  rather  than  steel  ere  used  for  trimming, 
"Carborundum"  grinders  supuleraent  rubbing  beds;  usually  one  side  is  levelled  on 
a  rubbing  bed  after  vdiich  the  slab  is  ground  to  the  proper  thickness  on  the 
"Carboroiidum"  machine.  Each  slab  then  passes  a  checker  who'  designates  from 
blueprints  the  additional  fabricating  work  to  be  done.  Joiners,  drill  presses, 
and  Simula'.?  equipraern".  are  used  to  complete  the  preparation-  (f  each  piece.  Tlie 
actual  assembling  of  the  slabs  is  done  either  in  the  mill  er  on  the  job,  de¬ 
pending  upon  the  nc’.ti.’r?  cf  the  order.  In  either  event,  the  linseed  oil  and 
litharge  cement  commonly  is  eised.  Throughout  the  entire  procedure  similarity 
to  woodworking  methods  is  strikingly  evident.  This,  of  course,  is  due  to  the 
nature  of  the  stone  and  the  ease  with  which  it  may  be  fabricated. 

A  small  part  of  the  better-grade  waste  soapstone  is  ground  in  a  mill  at 
Damon,  Va.,  about  4  miles  from  Schuyler.  This  mill  has  been  designed  for 
flexibility  of  product.  A  gyratorj'-  crusher  reduces  the  stone  to  1  inch.  It 
is  then  screened,  the  fines  passing  directly  to  an  Allis-CliAlraers  ball  mill 
while  the  coarse  split  goes  throu^  a  Pennsylvania  hammer  mill,  which  reduces 
it  to  about  1/4  to  3/l6  inches,  before  passing  to  the  ball  mill.  Hura-mer 
screens  are  used  for  the  next  sizing,  the  mesh  depend.ing  upon  the  product  de¬ 
sired.  Ove'T’size  goes  through  an  Allls-Chalmers  tube  mill,  and  the  fines  from 
both  are  fubjected  to  air  classification  to  collect  the  ultimate  product,  97 
per  cent  cf  which  -nasses  300  mesh.  The  most  important  product  of  the  mill  is 
minus  40  plus  48  mesh,  which  is  used  extensively  in  tho  rubber  industry. 

1^‘iMIirS  AND  PRICES 

Soapstone  is  sold  by  the  producer  (through  a  selling  company)  direct  to 
the  consumer.  There  are  virt’ifi-llv  no  merchants,  middlorrien,- or  independent 
fabricating  plants.  Small  quantities  of  rough  blocks  have  been  marketed 
sporadically  in  past  years,  but  the  outlet  for  raw  mtorlal  is  inconsequential. 
Markets  for  soapstone  are  world  wide,  but  only  a  small  proportion  of  present 
production  is  exported.  Tlie’ largest  consumption  in  the  United  States  is  east 
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of  the  Mississip-ni  r^ithin  reasonable  shipping  distances  of  Schuyler.  In 
recent  years  the  increased  use  of  soaustone  for  architectural  purposes  has 
resulted  in  a  seasonal  fluctuation  in  demand  narallsling  tliat  of  the  building 
industry. 


Schuyler  is  somewhat  isolated  and  therefore  all  soapstone  is  shipped  by 
rail.  Whenever  practical  it  is  shipped  in  carload  lots;  the  minimum  carload 
being  34,000  to  36,000  pounds.  Most  soapstone,  except  furnace  blocks,  is 
transported  in  strong  crates  to  aid  in  eliminating  the  hazards  of  breakage  in 
transit.  Slab  stone  commonJ.y  is  shipped  on  edge,  for  the  possibility  of  break¬ 
age  is  less  than  when  Placed  flat  on  the  bottom  of  the  car.  H'&rr  shii:iments  are 
insured. 

The  fact  that  the  production  and  sale  of  soapstone  is  in  the  hands  of  a 
single  company  does  not  mean  that  competition  is  nonexistent.  Actually,  soap¬ 
stone  meets  strong  competition  from  other  products  in  virtually  every  field. 

The  prices  of  soapstone  are  directly;  dependent  upon  the  sales  prices  of 
competitive  materials  as  well  as  upon  the  cost  of  quarrying  and  fabrication. 
Crude  soapstone  is  worth  only  slightly  more  than  the  cost  of  production;  there¬ 
fore  an  undeveloped  deposit  has  little  value  unless  it  is  so  located  that  it 
would  have  decidedly  advantageous  freight  rates  to  marketing  centers. 

The  present  unit  of  measurement  for  manufactiured  soapstone  is  1  square 
foot,  1-1/4  inches  thiclc.  All  products,  regardless  of  their  size,  shape,  or 
use,  are  reduced  to  these  units.  Furnace  blocks  comprise  the  largest  low- 
priced  outlet,  while  complicated  developing  tanks  and  similar  equipment  bring 
the  hipest  prices.  The  present  range  is  from  $0.30  to  $1  a  square  foot.  This 
is  equivalent  to  $30  to  $100  a  ton. 

PRODUCTION 


Figures  for  soapstone  production  since  1934  are  not  available  for  publi¬ 
cation.  The  accompanying  table,  however,  gives  a  summary  of  production  from 
1916  to  1934. 

Soapstone  sold  by  producers  in  the  United  States.  1916-1934^ 


Year 

Short  tons 

Value 

1916 

1^27 

$  489,606 

1917 

19,885 

402,506 

1918 

12,330 

501,059 

1919 

16,504 

530,163 

1920 

19,707 

709,400 

1921 

17,423^ 

627,826k 

1922 

22,700 

712,144 

19233  . 

22,857 

932,098 

1924- 

25,630 

^  .  1-  1  ■  III  ■  ■  '  —  ‘  ‘ 

1,288,885 

^  ■  A  ^  1...  ..I.  — — . , 

1  -  Compiled  from  Mineral  Resources  of  the  United  States. 
3  -  Includes  sawed  and  manufactured  talc. 


\ 


3  -  Figures  since  1934  not  available. 


10132 


-  16  - 


I.C.  6563 


A  s-ummry  of  the  relation  "between  outnut  a.nd  uses  is  given  in  the  accom- 
■oanying  table.  It  is  interesting  to  note  that  the  tv’o  •nrincinal  outlets  for 
soapstone  in  1930  were  of  little  imnortance  in  the  early  years  of  development 
of  the  industry. 


Principal  outlets  for  soapstone  showing  proportionate 


production,  1900-1930, 

per  cent 

Use 

,  1900  1 1910 

,1920 

1 

1930 

La-undry  tubs  (includes  sinks) 

1  ; 

1  G5  ;  75 

1 

1  59 

10 

Furnace  blocks 

1  0:0 

i  ^ 

40 

Special  (inclv.des  architectural) 

:  15  !  25 

1  37 

50 

Miscellaneous 

i  I 

I  “ 

1 

Less  tlian  1 

IMPORTS  Ai'O  EXPORTS 

vVith  the  exceution  of  Swedish  furnace  blocks  and  Chinese  carvings,  vir¬ 
tually/  no  soapstone  ever  has  been  imported,  and  exports  have  been  confined 
principally  to  shipment  cf  furnace  blocks  to  Canada.  Eoreign  production  is 
in  no  way  cor’parable  to  the  domestic  output.  Small  qua.ntities  of  soapstone 
have  been  •produced  in  Great  Britain,  Norway,  and  Sweden.  France,  Spain,  and 
Gerirany  are  reported  as  having  produced  soapstone  or  steatite;  but  the  figures 
are  included  with  talc,  and  anpe-rently  the  soapstone  is  of  little  consequence, 
Canada  is  now  producing  soapstone  pr'incipally  in  the  form  of  furnace  blocks. 

As  yet,  however,  the  Canadian  output  apparently  Is  not  sufficient  to  meet  the 
needs  of  the  extensive  paper  manufactiiring  ind-ostry,  for  considerable  quan¬ 
tities  of  fiornace  blocks  are  shipped  into  Canada  from  Schuyler. 

TARIIT  HISTORY 

Under  various  tariff  acts  soapstone  has  been  dutiable,  if  imported,  at 
the  same  rates  as  talc.  The  present  dutiew  are  listed  in  -paragraph  209  of 
the  tariff  act  of  1930,  which  reads  as  follows: 

Talc,  steatite  or  soapstone,  and  Pranch  chalk,  crude  and  un¬ 
ground,  one-fourth  of  1  cent  per  po-unds;  ground,  washed,  powdered, 
or  pulverized  (except  toilet  preparations),  35  per  centum  ad  valorem; 
cut  or  sawed,  or  in  blanks,  crayons,  cubes,  disks,  or  other  forms, 

1  cent  per  pound  ;  manufactures  (except  toilet  preparations),  of 
which  talc,  steatite  or  soapstone,  or  French  chalk  is  the  component 
material  of  chief  value,  wholly  or  partly  finished,  and  not  specially 
provided  for,  if  not  decorated,  55  per  centum  ad  valorem,  if  decorated, 

45  per  cent-um  ad  valorem. 
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ECONOMIC  CONSIDERATIOITS 


The  history  of  the  soapstone  industry  in  the  United  States  is  that  bnly 
one  operator  has  been  able  to  survive.  Others  have  entered  the  field,  but 
one  by  one  they  have  drop^^ed  oat.  A  survey  of  the  situation  reveals  several 
factors  vrhich  may  have  been  responsible,  at  least  in  part,  for  the  failure 
of  former  producers.  The  value  of  any  deposit  depends  not  only  unon  the 
qualitj’’  of  the  available  stone,  but  also  upon  its  location  and  extent.  Com¬ 
petition  fron  other  materials  is  felt  keenly  in  the  marketing  of  soapstone; 
slate,  marble,  concrete,  and  cera.nic  materials  are  the  principal  competitive 
products.  At  best,  the  total  annual  volume  of  material  marketed  is  small; 
and  since  it  is  virtually  all  in  the  form  of  fabricated  products,  a  completely 
integrated  plant  comprising  extensive  milling  equi-nment  is  needed  as  well  as 
the  usual  quarrying  machinery.  This  involves  a  heavy  investment.  In  the 
case  of  a  new  operation,  an  even  larger  expenditure  may  be  required  before 
consumers  can  be  induced  to  accept  a  new  product.  Under  these  circumstances 
it  should  be  evident  that  mere  nossession  of  even  a  good  deposit  does  not  in 
itself  indicate  that  it  will  be  profitable  for  a  newcomer  to  enter  the  soap¬ 
stone  industry. 


\ 


{ 


10132 


18  - 


I.  C.  6564 


January,  1932 


Department  of  Commerce 

UNITED  STATES  BUREAU  OF  MINES 
Scott  Turner,  Director 


INFORMATION  CIRCULAR 


CONSUMPTION  OF  PRIMARY  TIN  IN  THE 
UNITED  STATES  DURING  1930 


BY 


r 


♦* 


r 


^sd  0  .f 


aOfl3MNlOO  ’O  TM3MT«A*13a 

,  (  —  CC  -  .  *-  - 

fo  iTA,;;'  s?  -:i',viTc  i^iMu 
,,,  '; ,  **»<rrx»3rwQ  •,Vna'!.-if4cT':^yT'r3S 


5^  AJUDflir3  ^lOfTAMHClV^l 


-  ■  i  Tcn  ‘ 

r^Kii  ■'■  '  /] 

■  .W.%j  ^  .-A 

'  -Wr  •  • 


3HT  V\l  HIT  TO  HOITTMU2HOD 


oc<jf  oH'Rua  asTATe  aarinu 

'  V'*  '• 

'  ■■*  V  lJ 


YO 

\,ys>t>40  •  ,- 

f  *• "  '  » 


I.C.  6564 
January,  1932. 

IlH'CIUvlATIOlI  CIRC^JLAIl 

DEPARTMEITT  QF  COMMERCE  -  BURE4U  OF  MINES 


CONSUMPTION  OF  PRIMARY  TIN  IN  THE  UNITED  STATES  DURING  1930^ 

By  John  B.  Uidiau^ 


In  1930,  65,44.8  long  tons  of  virgin  or  primary  tin  were  consumed  hy  1,292 

establishiinents  in  the  United  States,'  representing  about  91  per  cent  of  the 
total  consumption  as  computed  from  imports,  exports,  and  stocks  at  the  be¬ 
ginning  and  the  end  of  the  year.  The  reported  cons'umption  was  equivalent  to 
38  per  cent  of  the  world's  tin  production  in  I93O,  estimated  at  171,000  tons, 
and  was  12  per  cent  less  tlian  the  74,369  tons  consumed  by  1,30'^  establishments 
in  1928.  .  . 

Decreased  consumption  of  new  tin  in  I93O  as -compared  .to  1928  was  a  re¬ 
flection  of  the  general  industrial  depression.  All  of  the  tin-consxaming  in¬ 
dustries  showed  substantial  decreases  except  tin  plate  and  terneplate,  white 
metal,  and  tinning,  which  showed  small  tonnage  increases  aggregating  only 
1,200  tons.  Tlie  largest  tonnage  decrease  was  in  the  use  of  new  tin  in  babbitt 
which  declined  33  cent  in  I93O  as  compared  to  1928.  This  was  largely 
attributable  to  the  decreased  production  of  automobiles  and  trucks,  which  was 
24  per  cent  lower  in  I93O  tlian  in  1923.  Percentage  decreases  in  other 
important  tin-consuming  industries  were  as  follows:  Solder  18  per  cent, 
bronze  19  per  cent,  tin  foil  40  per  cent,  chemicals  23  per  cent,  tin  oxide  44 
per  cent,  and  type  meta.l  46  per  cent.  The  distribution  of  the  amount  con¬ 
sumed  by  various  uses  during  1927,  1928,  and  I93O  is  shown  in  thble  1* 

Consimaption  studies  indicate  the  fact  thiat  variation  in  tin  consumption 
from  year  to  year  parallels  the  fluct-'oa-tions  in  demand  for  the  already  well- 
established  tin  products.  For  e::ample,  the  manufacture  of  motor  cars  and 
trucks3  required  only  11.000  tons  of  tin  in  I93O  compared  to  19,000  tons  in 
1928;  the  canning  industry  continues  to  require  the  greater  portion  of  the  tin 
plate  and  much  of  the  solder.  Recently  developed  industries,  while  affecting 
total  consumption  of  bearing  metals,  solders,  etc.,  to  some  extent,  have  made 
little  change  in  the  relative  importance  of  these  commodities  as  cons'umers  of 
t:n. 


1  The  Bureau  of  Mines  will  welcoi.ie  reprinting  of  this  paper,  provided  the 

followj.ng  footnote  aclaiowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines  Information  Circular  6564." 

2  Common  metals  division,  economics  branch,  U.  S.  Bui'eau  of  Mines. 

3  Facts  and  Figures  of  the  Automobile  Industry;  National  Automobile  Chamber 

of  Commerce,  U.  S.  A.,  I93I  ed.,  p,  83  and  1929  ed.  p.  I3. 
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Ta'ble  1.-  Consumption  of  primary  tin  in  the  United- 
States,  by  uses,  1927,  1928,  and  19'5Q 


1927 

1928-' 

19^0 

Uses 

Long 

tons 

Per 

cent 

Long 

tons 

Per 

cent 

Long 

tons 

Per 

cent 

Tin  plate  and  terneplate. . . 

24,525 

35.96 

27,053 

36. -38 

27,753 

42.40 

Solder  . 

13,602 

19.94 

13,874 

18.66 

11,407 

17.4-3 

Ba.bbitt  . 

7,595 

11.14 

8,150 

10.96 

5,438 

8.31 

Bronze  . . 

4,664 

6.85 

4,324 

5.81 

3,499 

5.35 

Foil  . 

4,193 

6.15 

5,068 

6.81 

3.061 

3,826^/ 

4.68 

Collapsible  tubes  . 

2,710 

3.97 

2,864 

3.85 

5.84 

Chemicals  . 

2,621 

3.84 

4,246 

5.7'1 

3,268 

4.99 

Tin  oxide  . 

1,311 

1.93 

1,183 

1.59 

666 

1.02 

Tinning,  brass,  copper, 
tubes,  sheets  or  shells, 
wire,  nails,  etc . . 

2,661 

3.90 

2,636 

3.54 

2,814 

4.30 

White  metal  . . 

849 

1.24 

802 

i.C6 

1,117 

1.71 

Type  metal  . 

450 

.66 

411 

.55 

II3/ 

•34 

Castings  . . 

1,011 

1.48 

730 

.98 

.11 

Other  alloys  . . . 

556 

.81 

629 

.85 

3O6 

.47 

Miscellaneous  . 

1,450 

2.13 

2,399 

3-23 

1,996 

3.05 

•••••••••••••••• 

68.198 

100.00 

?4^3.69 

100.00 

65,448 

100.00 

l/  Revised  fi;jiires. 

2/  Not  comparable  to  prior  years  owing  to  the  addition  of  several  consumers 
whose  consumption  was  not  included  previou-sly. 


3/  Pure  tin  castings  only;  in  previous  years  some  castings  of  tin  alloys  were 
reported  under  this  heading. 

Th.e  great  northeastern  and  north-central  manufacturing  belt  of  the  United 
States  in  which  75  per  cent  of  the  total  value  of  all  tdae  products  of  domestic 
manufactures  is  produced,  accounts  for  97  per  cent  of  the  total  domestic  tin 
consumption;  New  York,  Pennsylvania,  Illinois,  Ohio,  and  Michigan,  in  this 

territory,  consume  over  75  per  cent  of  the  total, 

*  ^ 

Of  the  1,292  concerns  reporting  tin  consumption  in  I93O  only  244  con¬ 
sumed  more  than  15  long  tons  (approximately  one  minimum  carload)  during  the 
year.  Of  the  balance,  172  individual  concerns  consumed  between  5  and  15  tons 
each  during  the  year,  and  the  remainder,  about  two- thirds  of  the  entire  num¬ 
ber,  consumed  less  than  5  tons  in  the  year.  Tliese  1,292  concerns  include  sub¬ 
stantially  all  the  initial  tin  fabricators  through  whose  plants  tin  first 
enters  industry;  manufacturers  who  purchase  alloys  or  other  tin  products  for 
further  fabrication  were  not'  included. 
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TIN  PLATE  MD  TEEl^DPLATE 

The  cons'ujnption  of  primary  tin  for  tin  plate  and  terneplate  manufacture 
represents  the  principal  single  use  for  tin  in  this  country,  and  in  I93O 
accoimted  for  27,753  long  tons,  or  43  per  cent  of  the  total  consumption,  as 
compared  to  the  27,053  tons,  or  36  per  cent  in  1928.  This  increase, 

amomting  to  about  2.6  per  cent,  is  due  primarily  to  increase  in  the  food¬ 
packing  industry  in  which  the  greater  portion  of  the  tin  plate  production  is 
used.  This  industry  was  not  affected  by  I93O  drought  conditions,  as  the 
principal  canning  crops  compared  favorably  with  previous  years.  Moreover, 
there  was  increased  demand  for  tin  plate  for  cans  to  replenish  canner's  stocks 
which  were  depleted  by  the  large  1929  crop.  While  some  new  uses  for  cans  were 
developed  in  I93O,  there  was  some  falling  off  in  exports,  and  domestic  demand 
for  metal  containers  for  paints,  varnish,  chemicals,  oils,  etc.  In  addition 
to  food  containers,  tin  plate  is  used  in  the  manufacture  of  containers  for 
gasoline,  oil,  tobacco,  etc.  It  is  also  used  in  bottle  caps,  lithographing, 
decorating, ' gas  meters,  lanterns,  and  kitchenware.  Terneplate  is  used  for 
automobile  tanks,  fire  doors,  metal  furniture,  roofing,  and  in  other  articles. 

Refrigerated  food  is  being  marketed. in  increasing  quantities  and  is 
supplying  the  public  with  food  which  otherwise  would  have  been  marketed  in 
tin-plated  containers.  Glass  and  paper  containers  are  replacing  tin  cans  in 
the  packing  of  many  foods  and  household  supplies,  and  the  attractiveness  and 
utility  of  these  containers  are  bound  to  ejqpand  their  popularity.  Nonmetallic 
products,  as  well  as  copper,  zinc,  and  zinc-coated  roofing  have  undoubtedly 
supplanted  much  tin  plate  and  terneplate  used  fpr  roofing,  siding,  etc. 

4 

Tlie  new  continuous  sheet-rolling  process  fpr  manufactiuring  black  plate, 
which  makes  possible  the  production  of  tin  plate  in  coiled  form,  presages  a 
radical  change  for  the  can-making  industry.  The  coiled  product  is  used  in  new 
automatic  high-production  presses  for  making  can  tops  and  bottoms.  Economies 
are  effected  by  increased  speed  of  operation  and  decreased  production  of  scrap. 
In  addition  it  is  expected  that  tin  plate  in  the  form,  of  coils  eventually  will 

be  made  at  a  lower  cost  than  tin-plate  sheets.^ 

»  •  . 

SOLDER 

Solder,  next  in  importance,  required  11,407  long  tons  of  tin,  or  17.43 
per  cent  of  the  total  consumption  in  I93O;  compared  with  the  1928  figmires, 
13,874  long  tons  and  18.6  per  cent,  this  was  a  decrease.  The  development  of 
"lap-welding"  and  die  stamping  tin  cans  has  lessened  the  demand  for  solder  in 
canning  operations  and  consequently  for  much  tin.  The  practice  of  '’wiping" 
joints  with  solder,  now  virtually  abandoned  on  all  new  construction,  lias  also 
effected  a  diminishing  demand  for  solder  and  hence  for  tin.  Welding,  brazing, 
and  silver  solders  are  growing  competitors  of  tin  solders.  For  electrical 
work,  where  resistance  to  high’ temperatures  and  vibration  is  required,  silver 
solders  and  brazing  are  replacing  some  tin  solders.  Cadmium  is  also  proving 
to  be  a  satisfactory  substitute  for  tin  in  some  solders.  "Amaloy,"  a  recently 
introduced  solder  containing  98  per  cent  of  lead  and  only  1  per  cent  or  less 
of  tin,  is  also  curtailing  the  use  of  tin  in  solder. 

4  ;Crane,  E.  V.,  Progress  in  Pressed  Metal:  Iron  Age,  vol.  125,  No.  1,  Jan.  3, 

1930,  p.  40.  ... 
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It  is  of  interest  that  25  per  cent  of  the  concerns  using  tin  for  solders 
also  use  tin  for  making  hahbitt  and  dronze. 

Bii3EITT  AijjD  BR0H2E 

The  manufacture  of  dadditt  required  5,438  long  tons  or  8.3I  per  cent  of 
the  total  for  I93O.  This  was  approximately  33  cent  less  than  the  8,150 
long  tons  consumed  in  1928,  The  consumption  of  tin  in  the  manufacture  of 
dronze  decreased  19  per  cent  in  I93O,  the  araounts  consumed  deing  3*429  long 
tons  or  5.35  per  cent  of  the  total  in  1930,  and  4,323  or  6  per  cent  of  the 
total  in  1928. 

Badditt  and  dronze  dearin^iS  are  now  deing  replaced  dy  roller  and  da,ll 
dearings.  It  is  notadle  that  within  the  past  year  the  first  locomotive  ever 
constructed  in  this  coirntry  completely  equiuped  through-out  with  antifriction- 
type  roller  dearings  was  placed  in  service,'^  The  production  of  dadditt  and 
dronze  was  adversely*  affected  dy  the  marked  decrease  in  the  production  of 
automodiles  and  trucks  in  I93O. 

FOIL  Airo  COliLAPSIBLE  TUBES 

The  use  of  tin  in  tinfoil  decreased  from  5,068  tons  in  1928  to  3*2^1  tons 
in  1930,  a  decline  of  40  per  cent,  Ixi  I93O  the  use  of  tin  in  foil  amounted  to 
less  tlmn  5  per  cent  of  the  total  tin  consumption,  whereas  in  1928  it  was 
nearly  7  per  cent.  The  use  of  tin  in  collapsidle  tudes  in  I93O  amounted  to 
nearly  6  per  cent  of  the  total.  The  I93O  figure  includes  tin  consumed  dy  5 
manufacturers  whose  consumption  is  not  included  in  the  1928  figure;  hence  the 
two  figures  are  not  comparadle.  Consumption  dy  the  concerns  reporting  for 
doth  years  shows  a  decline  in  this  use  of  tin. 

In  the  collapsidle  tude  and  foil  industry  aluiainum  has  decorne  a  potent 
qompetitor  of  tin,  and  it  has  deen  reported  recently  that  nearly  pure  zinc, 
refined  electrolytically ,  shows  pronounced  ductility  and  has  deen  used  for 
making  collapsidle  tudes  and  foil,  A  transparent  cellulose  produce  "cello¬ 
phane,”  which  may  de  had  in  various  colors  for  wrapping  confections,  etc,, 
iias  recently  appeared  as  a  substitute  for  foil. 

CHEMICALS 

There  was  a  decided  decrease  in  the  use  of  tin  for  the  manufacture  of  tin 
oxide  and  other  chemicals.  One  cause  for  this  decrease  was  the  decline  in 
silk  consumption  in  I93O.  Considerable  tin  in  the  form  of  "bichloride,"  "tin 
salts,"  "tin  crystals,"  and  "stannous  chloride"  is  used  in  the  manufacture  of 
silk  fabrics.  Tin  oxide  is  largely  used  as  a  constituent  of  the  enamel  applied 
to  cooking  utensils,  refrigerators,  and  sanitary  ware.  Zirconium  oxide,  which 
is  cheaper,  is  deing  substituted  for  some  tin  oxide  dy  many  manufacturers;  a 
mixture  of  6  parts  tin  oxide  a.nd  4  parts  zirconium  oxide  is  used.  Japanning 
of  the  small  cheaper  articles,  lacquer  finishes  on  refrigerators,  and  the 
vitreous  china  used  for  sanitary  ware  instead  of  vitreous  enamels  are  all 
factors  which  tend  ultimately  to  replace  considerable  tin, 

5  Blast  Furnace  and  Steel  Plant,  Locomotive  Equipped  with  Holler  Bearings;' 

'Vol.  18,  Ho.  7,  July,  IS3O,  p.  1147. 
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TIMING 

Concerns  using  tin  for  tinning'accoiuited  for  2,814  long  tons  of  tin  in 
1930  and  2,636  tons  in  1928.  Over  90  per  cent  of  the  total  tin  used  for 
tinning  in  I93O  was  consumed  as  follows: 


Long  tons 


Tinning  wire  .  1*073 

Equipment  used  in  food  preparation  ....  706 

Tubes,  sheets  and  shells  . 485 

Brass  and  bronze  . IO3 

Iron  castings  . 64 

Retinning  . 55 

Connecting  rods  and  babbitting  .  48 

Rivets  and  pipe  threads  . 8 


Smaller  quantities  are  used  for  harness,  steel  drums,  toys,  etc. 


Tin  amounting  to  1,098  long  tons  in  1928  and  1,265  long  tons  in  1917  was 
accounted  for  as  being  used  for  tinning  wire.  In  1928,  only  ]il2  long  tons  of 
tin  was  reported  for  tinning  utensils  used  in  food  preparation. 


Aluminum  cooking  utensils  liave  eliminated  much  tin  formerly  used  in 
tinning  and  retinning  cooking  utensils. 


TTHITE  METAL 

'i- 

In  1930  tin  used  for  wiiite  metal  amounted  to  1,117  long  ‘tons,  a  gain  of 
39  per  cent  over  the  802  tons  used  in  1928.  Of  the  I93O  total,  434  tons  was 
reported  used  in  Bri'taiuiia  metal  and  I23  tons  in  pewter. 


OTHER  ALLOYS 


Tin  used  for  "other  alloys"  accounted  for  only  3O6  long  tons  in  I93O  as 
compared  with  629  tons  in  1928.  Included  in  the  total  for  this  item  in  I93O 
are  20  tons' used  for  cable  sheathing,  which  accounted  for  ^7  tons  in  1928. 
Only  10  tons  of  tin  was  used  in  organ-pipe  metal  in  I93O,  whereas  21  tons 
was  used  in  1928,  and  24  tons  in  1917.  Eor  fusible  plugs  about  6  tons  of 
tin  was  used  in  I93O,  compared  to  8  tons  in  1928.  The  tin  used  in  the  nianu- 
facture  of  special 'metal  products  such  as  bolster  metal,  dental  alloys, 
aluminum  alloys,  die  metal,  shot,  phosphor  tin,  o'unce,  and  needle  metal  is 
included  in  the  item  "other  alloys." 


CASTINGS  OE  PURE  TIN 

Only  74  long  tons  of  tin  were  used  for  casting's  of  pure  tin  in  I93O, 
whereas  in  1928  this  item  indicated  the  use  of  73O  long  tons.  These  figures 
are  not  comparable  by  reason  of  changes  made  in  the  method  of  collecting  data. 
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Heretofore  it  was  difficult  to  obtain  satisfactory  data  from  the  consumers  con¬ 
cerning  the  use  of  tin  for  castings  and  it  was  thought  that  the  greater  portion 
of  the  tin  reported  as  being  used  for  castings  was  actually  used  as  an  ingredient 
of  bronze  or  other  alloy  castings.  The  I93O  questionnaire  asked  specifically 
"how  mach  tin  was  used  for  castings  of  pure  tin." 

MISCELLANEOUS  USES 


Miscellaneous  uses  accounted  for  1,996  long  tons  or  3  per  cent  of  the 
total  tin  consumed  in  I93O  as  compared  to  over  2,400  tons  in  1928.  Among  the 
uses  included  under  this  heading  is  jrinc  coating  (galvanizing)  which  consumed 
107  tons  in  I93O,  I33  tons  in  1928,  and  105  tons  in  1917.  Pure  tin  tubing, 
pipe,  sheet,  wire,  and  related  articles  required  1,075  long  tons  in  I93O;  and 
bottle  caps,  stoppers,  covers,. and  sprinkler  tops,  18  long  tons. 

Other  articles  which  the  consumers  reported  under  this  item  in  I93O  in¬ 
clude  hollow  ware,  cutlery  and  spoons,  smokeless  powder  and  small  arras 
ammunition,  pattern  work,  dust  or  powder,  calf  muzzles,  hammers,  diaphrams, 
and  wire  rakes.  In  addition,  during  1928  they  reported  miscellaneous  uses 
a,  s  follows; 


Tinning  mi::ture,  tin  bearings. 
Rubber  industry. 

Lining  of  soda-fountain  tanks. 
Ears . 

Ball-bearing  parts. 

Wiring  and  stamping. 

Tin  ribbon,  tin  tubing,  tin  bar. 
Valve  seats. 


Torches 

R.  R.  bond  terminals. 

Trolley  wheels,  banjo  rings, 
etc . 

Shelving. 

Terneplating  conductor  hooks. 
Building  up  piston  heads. 
Metallic  packing. 

Repair  work. 

Elbows . 


COHSUlJlERS  STOCKS  OE  TIN 

Stocks  of  tin  held  by  domestic  consumers  increased  from  10,606  long  tons 
on  January  1,  I93O,  to  15,500  tons  at  the  end  of  the  year  (December  3I*  IS3O), 
a  net  increase  of  4,894  tons.  During  1928  stocks  declined  from  9,268  tons  at 
the  beginning  of  the  year  to  8,587  tons  at  the  end  of  the  year,  a  net  draft  of 
681  tons.  The  increase  in  stocks  during  I93O  was  probably  due  to  the  desire 
of  manufacturers  to  take  advantage  of  the  low  prices  prevailing. 

Table  2  shows  the  stocks  of  tin  held  and  quantity  of  tin  used  by  manu¬ 
facturers  groupsed  according  to  their  principal  product. 
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Table  2,-  Tin  stocks  in  hands  of  consumers  manufact-uring 
specified  commodities,  1928  and  19‘50 


(Long  tons) 


Manufacturers  of: 

Number  of 
manufac¬ 
turers 

Tin  used 

Stocks 

1928 

1£ 

30 

1928 

19^0 

1928 

19^0 

J  3,11  •  1 

Dec.^1 

Jan.l 

Dec. 31 

Tin  and  terne  plate,  or  tir 
and  terne  plate  and  other 
products  . 

16 

16 

28,778 

29,320 

5,190 

4,337 

5,809 

8,866 

Solder,  or  solder  and  other 
products  . 

116 

129 

17,067 

14,679 

1.438 

1,523 

2,135 

3.310 

Babbitt,  or  babbitt  and 
other  products  . 

96 

76 

6,000 

2,875 

266 

275 

85 

244 

Bronze,  or  bronze  and  other 
products  . 

537 

643 

3,522 

2,775 

331 

314 

487 

610 

Tfhite  metal,  type  metal, 
and  other  alloys;  or  white 
metal,  type  meteJ,  other 
alloys,  and  other  products 

119 

104 

1,102 

1,054 

105 

66 

82 

179 

Castings,  or  castings  and 
other  products  . 

102 

6 

1,247 

15 

115 

123 

14 

13 

Foil,  or  foil  and  other 
products  . 

9 

6 

4,979 

3.231 

625 

616 

99 

141 

Tubes,  or  tubes  and  other 
products  . 

9 

15 

2,837 

3,773 

207 

225 

459 

724 

Tinned  wares  and  other 
products  . . . 

139 

162 

1,965 

2,520 

300 

345 

653 

699 

Chemicals  and  other  product 

s  15 

27 

5,413 

3,916 

475 

575 

595 

509 

Miscellaneous  . 

149 

108 

1,459 

1,290 

16^ 

135 

188 

196 

For  all  purposes  . 

1,307 

1,292 

74,369 

65,448 

9,215 

8,534 

10,606 

15,500 

COLSUMPTIOH  OF  SECONDARY  TIN 

The  United  States  Bureau  of  Mines  has  canvassed  the  tin- consuming  in¬ 
dustries  to  obtain  data  on  the  amoTint  of  secondary  tin  used  in  1928  and  1930, 
but  inquiry  has  revealed  that  some  consumers  had  inadvertently  reported  less 
tlian  the  actual  amount  of  secondary  tin  consumed  in  their  plants.  It  has, 
therefore,  been  deemed  advisable  to  withhold  publication  of  the  1930  canvass. 
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MINING  METHODS  AND  COSTS  AT  THE  BRADEN  COPPER  CO.'S  MINES,  SEWELL,  CHILE* 

By  J,  S.  Webb^  and  T.  W.  Skinner® 


INTRODUCTION 

.This  is  one  of  a  series  of  papers  dealing  with  mining  methods,  practice,  and  costs  be¬ 
ing  published  by  the  United  States  Bureau  of  Mines.  In  this  paper  a  description  of  the 
mining  practice  in  vogue  at  the  Braden  unit  of  the  Kennecott  Copper  Corporation  is  undertaken. 

PRODUCTION 

At  present  (1331)  the  entire  production  of  ore  is  being  obtained  from  the  Teniente 
mine.  The  miring  method  in  use  is  an  adaptation  of  block  undercutting  which  has  been  a 
development  of  the  stoping  aid  pillar  caving  experience  obtained  at  this  property.  Improve¬ 
ments.  in  mining  practice  are  constantly  being  made. 

GEOLOGY 

The  Braden  Copper  Co.'s  property  is  located  in  the  western  cordillera  of  Chile,  30 
miles  northeast  of  Rancagua,  50  miles  southeast  of  Santiago,  near  the  head  of  the  Teniente 
River,  and  at  an  elevation  of  7,458  to  9,960  feet. 

The  western  cordillera  of  the  Andes  forms  a  sloping  dissected  plateau.  Near  the  mines 
the  canyons  are  deeply  trenched  with  long  debris  slopes  and  above  these  tower  precipitous 
cliffs. 

The  mines  are  situated  on  the  steep  slopes  south  of  the  river,  the  lowest  tunnel  being 
at  the  bottom  of  the  valley  and  the  uppermost  2,500  feet  above  that  level. 

The  orebodies  lie  around  the  periphery  of  an  explosive  vent  in  the  form  of  crescent¬ 
shaped  deposits,  limited  on  the  inside  by  the  tuff  contact,  where  they  are  of  higher  tenor. 

The  upper  limit  is  formed  by  the  bottom  of  the  oxidized  zone,  50  to  100  meters  below 
the  surface,  and  the  lower  limit  by  the  contact  with  the  primary  zone. 

The  explosive  eruption  which  formed  the  Braden  vent  intensely  fractured  the  andesite 
porphyry  surrounding  its  periphery.  The  width  of  the  zone  of  most  intense  shattering  is 
uneven,  ranging  from  100  meters  to  600  meters,  the  widest  portions  being  on  the  northeast 
side  of  the  crater. 

After  an  interval  in  which  the  crater  became  filled  with  bedded  tuffs,  mineralizing 
solutions  rising  about  the  periphery  of  the  old  vent  deposited  quartz,  tourmaline,  biotite, 
pyrite,  and  chalcopyrite  in  the  irregular  fractures  in  the  andesite  porphyry  and  formed 


1  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgment  is  used: 
"Reprinted  from  U.  S.  Bureau  of  Mines  Information  Circular  6565." 

2  One  of  the  consulting  engineers,  U  S.  Bureau  of  Mines,  and  mine  superintendent,  Braden  Copper  Co. 

3  One  of  the  consulting  engineers,  U.  S.  Bureau  of  Mines,  and  chief  mine  engineer,  Braden  Copper  Co. 
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large  bodies  of  mineralized  material  with  a  copper  Content  in  most  places  of  between  0.50 
and  1.50  per  cent,  though  locally  slightly  richer.  This  was  the  original  source  of  the 
Braden  ores,  but  their  enrichment  by  descending  secondary  mineralization  was  necessary  to 
raise  their  tenor  to  a  commercial  grade. 

In  the  orebcdy  pyrite  increases  and  chalcopyrite  decreases  in  relative  abundance  out¬ 
ward  in  all  directions  from  the  crater  and  the  limit  of  ore  of  a  profitable  grade  is  general¬ 
ly  coincident  with  the  transition  from  predominant  chalcopyrite  to  predominant  pyrite. 

The  principal  primary  ore  was  originally  chalcopyrite,  but  after  secondary  enrichment 
the  mineralization  is  divided  between  chalcopyrite  and  chalcocite.  The  development  of 
chalcocite  is  greatest  in  the  upper  part  of  the  enriched  zone,  and  gradually  decreases  with 
depth.  In  the  upper  part,  for  instance,  the  chalcopyrite  has  in  many  places  been  almost 
completely  replaced  by  chalcocite,  with  pyrite  replaced  to  a  lesser  degree.  In  the  lower 
part  of  the  zone,  chalcocite  forms  thin  films  along  every  fracture,  however  small,  but  the 
pyrite  is  unaffected. 

As  stated  above,  the  hanging  wall  limits  of  the  orebody  are  definitely  defined  by  the 
tuff  contact,  but  the  footwall  is  purely  a  commercial  limit  of  workable  ore. 

METHODS  OF  PROSPECTING  AND  EXPLORATION 

No  systematic  exploration  was  attempted  until  the  property  was  taken  over  by  Mr.  Braden 
about  1901.  Due  to  the  adverse  climatic  and  topographic  conditions,  he  decided  that  diamond 
or  churn  drilling  would  be  impracticable  as  a  method  of  prospecting,  and  therefore  proceeded 
with  a  series  of  adits,  utilizing  some  of  the  old  workings  where  they  fitted  into  his  scheme. 
The  plan  was  to  drive  these  adits  around  the  periphery  of  the  crater  described,  and  then 
crosscut  and  raise  at  intervals  to  determine  the  lateral  and  vertical  extent  of  the  ore 
and  also  the  thickness  of  the  lower  grade  overlying  capping, 

METHODS  OF  SAMPLING  AND  ESTIMATING  TONNAGES  AND  VALUES 

Standard  channel  samples  are  cut  in  the  sides  of  the  crosscuts,  drifts,  and  raises, 
each  sample  representing  three  meters  of  working.  The  assays  corresponding  to  these  samples 
are  plotted  on  assay  maps.  The  ore  limits  are  then  laid  out  on  these  maps,  on  the  basis  of 
the  assays,  thus  giving  the  area  of  commercial  ore  on  each  level.  The  volume  between 
levels  (the  level  interval  is  ordinarily  50  meters)  is  then  calculated  as  the  frustum  of  a 
pyramid.  To  obtain  the  grade  of  this  volume,  the  area  cn  each  level  is  multiplied  by  its 
corresponding  average  assay,  thus  obtaining  an  area  per  cent.  These  area  per  cents  are 
then  weighted,  giving  the  grade  of  the  ore  between  the  levels.  The  upper  limits  of  the  top 
level,  for  instance,  are  determined  by  raises  and  then  the  volume  is  calculated  from  sec¬ 
tions,  the  grade  being  arrived  at  by  weighting  the  raise  assays  with  those  on  the  level. 

As  a  method  of  grade  control  a  grab  sample  is  taken  from  each  active  chute  in  the  mine 
for  every  80  tons  of  ore  drawn.  Responsible  inspectors  are  employed  to  observe  carefully 
that  no  unccmmercial  ore  is  pulled  from  the  chutes.  They  have  authority  to  close  immediately 
any  chute  showing  signs  of  dilution.  These  doubtful  chutes  are  promptly  sampled  on  consec¬ 
utive  days,  and  should  the  assays  obtained  show  a  lower  grade  than  the  predetermined  cut-off, 
the  chute  is  definitely  abandoned.  If  these  assays  show  values  higher  than  the  required 
cut-off  grade,  the  chute  is  then  reopened  for  further  draw. 
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Figure  l.-Longitudinal  section  of  Braden  mine,  approximately  on  hanging  wall 
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TYPE  A,  9  HOLES 


TYPE  B,  10  HOLES 


Nature  of  round,  type  A 


Hole 

No. 

Depth, 
f  ee  t 

Ang 

1  e 

Po«(Jer, 

sticks 

Firing 

order 

Vert' 

Hor." 

1 

6.00 

25 

10 

6 

2 

S>.25 

5 

5 

5 

2 

3 

5.25 

5 

5 

5 

3 

4 

5.25 

5 

5 

5 

4 

5 

5.25 

5 

5 

5 

5 

6 

5.25 

5 

5 

5 

6 

? 

5.25 

5 

5 

5 

7 

e 

5.25 

5 

5 

5 

8 

9 

5.25 

5 

5 

5 

9 

Tota  1 

48.00 

46 

Nature 

of  round 

t  y  pe  B 

Ang  1  e 

No. 

feet 

Ver  L’ 

Hor.* 

sticks 

order 

1 

6.5 

30 

10 

6 

1 

2 

6.0 

15 

10 

6 

2 

3 

5.5 

5 

5 

5 

3 

4 

5.5 

5 

5 

5 

4 

5 

5.5 

5 

5 

5 

5 

6 

5.5 

5 

5 

5 

6 

7 

5.5 

5 

5 

5 

t 

8 

5.5 

5 

5 

5 

8 

9 

5.5 

5 

5 

5 

9 

10 

5.5 

5 

5 

5 

10 

Tota 

56.5 

52 

NOTE:  Each  square  equals  1  square  foot 


Nature  of  round,  typeC 

Hole 

No. 

Depth, 

feet 

Ang 

1  e 

Powder, 
st  icks 

Firing 

order 

Vert.* 

Hor.* 

1 

5»  6" 

30 

10 

6 

1 

2 

6'  0* 

15 

10 

6 

2 

3 

)'  9' 

10 

10 

6 

3 

4 

5*  6" 

5 

5 

5 

4 

5 

5'  6* 

5 

5 

5 

5 

6 

3'  6' 

5 

5 

5 

6 

7 

6'  6* 

5 

5 

5 

7 

8 

5'  6* 

5 

5 

5 

8 

9 

5'  6" 

5 

5 

5 

9 

10 

5'  6" 

5 

5 

5 

10 

1  1 

3'  6* 

5 

5 

5 

i  i 

Total 

62'3* 

58 

Nature  of  round,  type  0 

Hoi  J 

Noll 

Dept^ 

feet 

Ang  le 

Poeder, 
St  icks 

Firing 

order 

^ert.* 

Hor.* 

1 

6’  6* 

30 

10 

6 

1 

2 

6’  0»^ 

20 

10 

6 

2 

3 

6'  0«- 

15 

10 

6 

3 

4 

5'  9- 

10 

10 

6 

4 

5 

5'  6* 

5 

5 

5 

5 

6 

5'  6» 

5 

5 

5 

6 

7 

5'  6- 

5 

5 

5 

7 

6 

5*  6“ 

5 

5 

5 

6 

9 

5'  6- 

5 

5 

5 

9 

10 

5'  6" 

5 

5 

5 

10 

1  1 

5'  6' 

5 

5 

5 

1  1 

12 

5'  6- 

5 

5 

5 

12 

Tota  i 

68'3» 

64 

TYPE  C,  11  HOLES 


TYPE  0,  12  HOLES 


Figure  2.- Drift  rounds 


Nature 

of  round 
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Vertical 
ang  le 

Hor i 2on- 
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Sticks 

of 
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of 
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t 

6' 
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6 

1 
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6' 
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6 

2 

3 

5' 
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6 

3 

4 

5' 

9* 

5* 
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6 

4 

5 

6’ 

O' 
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6 

5 

6 

6' 

O' 

10^ 

15* 

6 

6 

7 

5' 

6' 

5* 

5* 

5 

7 

8 

5' 

6' 

5* 

5* 

5 

6 

9 

5* 

6' 

5* 

5* 

5 

9 

1C 

5' 

6' 

5* 

5* 

5 

10 

1  1 

5* 

6' 

5* 

5* 
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5' 

$• 
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16 
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5* 

5 
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16 
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5 

16 

Tota  1 

102 

'O' 

96 

Figure  3.- Eighteen-hole  round,  motor  haulage  drift 
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I. C. 6565. 


DRAW  CONTROL 

In  mining  by  caving  methods,  draw  control  is  one  of  the  most  highly  important  factors 
in  successful  operation.  At  the  Braden  mine  the  draw  control  is  in  direct  charge  of  the 
efficiency  engineer.  Accurate  graphs  are  made  showing  the  draw  from  each  pair  of  chutes  in 
the  mine.  For  general  purposes,  these  are  brought  up  to  date- twice  a  month,  but  for  the 
closer  guidance  of  the  mine  operators  special  large-scale  charts,  kept  in  the  mine  offices, 
are  plotted  daily.  Chutes  that  are  lagging  due  chiefly  to  timber  trouble,  are  more  heavily 
drawn  when  the  timber  repairs  are  completed,  the  overdrawn  chutes  being  held  back  in  order 
that  the  capping  may  be  brought  down  evenly.  Instructions  are  given  to  the  operating  force 
each  day  as  to  the  tonnage  to  be  pulled  from  each  chute. 

DEVELOPMENT  WORK 

The  Teniente  mine  has  been  developed  chiefly  from  adits,  shafts,  and  inclines.  Figure  1 
shows  a  longitudinal  section.  Due  to  the  probable  bottom  of  the  orebody  being  accessible 
by  means  of  a  tunnel,  Teniente  5,  the  ore  is  dropped  from  the  mining  levels  down  inclined 
ore  passes  (raised  up  through  the  orebody)  to  the  retram  level,  Teniente  C,  where  it  is 
motor  trammed  to  other  ore  passes  located  in  a  hard  breccia,  highly  resistant  to  abrasion, 
outside  of  the  ore  limits,  and  thence  dropped  down  these  latter  ore  passes  to  the  main 
haulage  level,  Teniente  5.  Shaft  A  is  used  for  handling  men  and  supplies  from  Teniente  5  to 
Teniente  C.  Inclines  2  and  4  likewise  serve  the  levels  above  Teniente  C. 

The  drifts  and  crosscuts  from  which  the  stoping,  pillar  caving,  and  undercutting  are 
done  are  practically  all  driven  in  andesite.  Standard  rounds,  determined  experimentally, 
are  universally  used.  The  number  of  holes  in  these  rounds  (fig.  2)  varies  from  9  to  12, 
depending  on  the  nature  of  the  ground. 

In  the  larger-sized  motor-haulage  drifts  and  crosscuts  an  18-hole  round  is  used  (fig.  3)  . 

All  development  work  is  contracted  for  on  a  meterage  basis,  uniform  prices  having  been 
adopted  for  each  type  of  drive. 

Drilling.-  One-’man,  mounted  jackhamers  are  used  in  driving  practically  all  horizontal 
headings,  the  drilling  being  done  dry.  Stopers  (hand-rotating  type)  are  employed  exclusive¬ 
ly  in  raising. 

Drill  Steel.-  The  jackhamers  are  all  operated  with  ^inch  hexagon  hollow  steel,  1-i- 
inch  cruciform  steel  being  used  with  the  stopers.  The  gage  of  the  starters  is  2  inches, 
with  a  reduction  of  ^  inch  for  each  succeeding  bit.  The  difference  in  length  between  each 
change  is  about  12  inches. 

Drill  Bits.-  Double-taper  rose  bits  with  angles  of  14  and  5°  are  used.  All  bits  are 
carefully  inspected  daily,  after  sharpening,  for  gage,  sharpness,  and  form  of  bit.  All 
steel  sharpening  is  done  on  contract  in  underground  blacksmith  shops  equipped  with  oil 
forges  and  pneumatic  sharpeners. 

Air  Pressure.-  The  air  pressure  at  the  compressors  is  100  pounds  per  square  inch.  At 
the  drills  it  varies  from  80  to  85  pounds. 

Blasting.-  Primers  with  fuse  and  detonators  are  made  up  by  inserting  the  cap  into  the 
end  of  the  primer  cartridge.  The  primer  is  always  the  second  stick  from  the  bottom  of  the 
hole.  All  blasting  is  done  with  25  per  cent  N.  G.,  Ammon-Gelignite .  For  the  standard 
rounds  1^  by  8  inch  cartridges  are  used.  Smaller  sticks,  i  inch  by  8  inches,  cut  in  half, 
are  used  for  blockholing,  bulldozing  chutes,  and  unchoking  ore  passes.  All  blasts  are 
detonated  with  No.  6  lead  azid  detonators,  which  have  the  same  strength  as  standard  No.  8 
fulminates.  These  detonators  were  adopted  as  standard  after  a  long  series  of  comparative 
experiments  had  been  carried  on.  Hot  wire  lighters  are  in  general  use  in  spitting  the  fuse. 
Moist  clay  cartridges  having  the  same  dimensions  as  the  dynamite  sticks  are  used  for  stemming. 
These  cartridges  are  made  in  the  mine  in  a  pneumatic  machine  which  forces  the  clay  into 
waxed  paper  tubes,  thus  forming  the  cartridges. 
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DRIFTS  AND  CROSSCUTS 

There  are  three  general  types  of  drifts  and  crosscuts.  (1)  For  hand  tramming,  7  feet 
6  inches  by  9  feet  6  inches  in  cross  section.  (2)  For  motor  haulage,  10  feet  by  10  feet  in 
cross  section.  And  (3)  for  access  to  control  gates  and  the  caving  sections  for  the  handling 
of  supplies,  7  feet  6  inches  by  9  feet  6  inches  in  cross  section,  the  same  size  as  for  (1) 
hand  tramming;  these  latter  workings  being  so  located  when  in  ore  on  the  lower  levels  that 
they  can  later  be  utilized  as  extraction  drifts  when  the  mining  operations  progressively 
reach  the  lower  horizons. 

Hand  Tramming  Drifts  and  Crosscuts.-  Hand  tramming  drifts  and  crosscuts  are  broken  full 
size  to  eliminate  as  far  as  possible  the  necessity  of  widening  the  drift  in  order  to  install 
the  chute  sets  (fig.  4). 

The  depth  of  the  round  broken  averages  1.47  meters  (4.82  feet). 

The  mucking  is  done  by  hand  into  1-ton  cars  and  on  the  night  shift,  the  drilling  and 
blasting  being  done  on  the  day  shift.  Experiments  are  being  carried  on  with  different  types 
of  scrapers  and  slushers. 

Motor-Haulage  Drifts  and  Crosscuts.-  Motor-haulage  drifts  and  crosscuts  are  always 
timbered  wherever  the  ground  shows  any  signs  of  sloughing,  either  from  the  back  or  sides. 
As  has  been  noted,  a  standard  18-hole  round  is  used,  shown  in  Figure  3,  the  drilling  being 
done  with  one-man,  mounted  jackhamers  using  J-inch  hexagon  hollow  steel. 

The  mucking  here  is  also  done  by  hand  into  5-ton  cars.  Some  experimentation  is  being 
carried  on  with  mechanical  loaders. 

Drifts  For  Access  to  Control  Gates.  Handling  Supplies.-  In  so  far  as  their  driving  is 
concerned,  drifts  for  access  to  control  gates  can  be  classified  with  those  for  hand  tramming. 

RAISES 

Ore  Passes.-  At  Braden  it  has  been  found  that  the  ore  transfer  raises  or  ore  passes, 
as  they  are  locally  known,  operate  best  when  driven  on  an  angle  of  about  60°  with  the 
vertical . 

These  ore  passes  are  classified  as:  (1)  Main  ore  passes,  those  located  in  the  hanging- 
wall  breccia  and  running  from  Teniente  5  to  Tiente  C;  and  (2)  retram  ore  passes,  those 
running  from  the  retram  level  to  the  producing  level,  generally  through  the  ore-body.  The 
accompanying  sketches  (fig.  5)  show  each  type. 

Main  Ore  Passes.-  Main  ore  passes  and  their  auxiliaries  are  always  raised  in  the 
hanging  wall,  in  a  tough  breccia,  which,  as  has  been  noted  before,  is  highly  resistant  to 
the  abrasion  of  the  falling  ore.  These  raises  are  run  2  by  2  meters  (6.56  by  6.56  feet) 
in  cross  section.  The  round  consists  of  16  holes  loaded  with  approximately  94  sticks  of  25 
per  cent  N.G.,  Ammon-Gelignite,  giving  a  break  of  1.20  to  1.50  meters  (4.25  to  4.92  feet). 
Stcper  machines  are  used,  two  miners  working  together  and  sharing  in  the  contract,  which  is 
let  on  a  meterage  basis. 

The  general  method  of  raising  one  of  these  ore  passes  is  as  follows: 

When  the  ore  pass  has  attained  a  slant  height  of  5  meters  (16.42  feet)  above  the  level, 
the  miners  drive  two  holes  in  the  floor,  normal  to  the  floor,  1.5  meters  (4.92  feet)  down 
from  the  face,  into  which  they  insert  two  pieces  of  1-inch  round  iron,  leaving  2  feet  pro¬ 
jecting  out  in  the  ore  pass.  Against  these  supports  is  placed  a  2  by  12  inch  by  5  foot 
beard  which  serves  as  a  platform  for  the  miners  and  their  machines  while  drilling  the  round. 
Attached  to  one  of  the  above  pieces  of  projecting  iren  is  a  l^-inch  diameter  hemp  rope,  with 
the  help  of  which  the  miners  climb  up  the  floor  of  the  ore  pass  to  the  working  face.  As 
the  raise  advances,  the  platform  with  its  iron  supports  is  moved  up,  being  kept  at  all  times 
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Figure  4.— Standard  chute  set 
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Figure  5  - Types  ot  ore  passes 
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SECTION  DETAIL  OF  ORE  PASS  UDDERWAY 


Figure  6.-Methcxj  of  driving  ore  pass 


SECTION  B-B 


Figure  7.-Standard  grizzly 
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within  1.5  meters  (4.92  feet)  of  the  face.  The  compres.sed  air  to  supply  the  machines  is 
carried  up  the  raise  in  a  2-inch  air  line,  which  is  progressively  extended  to  within  20  feet 
of  the  face  as  the  raise  advances. 

When  the  ore  pass  and  auxiliary  have  both  been  raised  for  a  distance  of  35  meters 
(114.75  feet)  they  are  temporarily  stopped  and  a  connecting  crosscut  is  driven  (fig.  6). 
When  this  connection  is  made,  a  grizzly  is  set  in  the  ore  pass,  level  with  the  floor  of 
the  crosscut.  In  the  auxiliary  a  bulkhead  is  placed  2  feet  above  the  floor  of  the  connect¬ 
ing  crosscut  and  extended  into  it,  enabling  the  miners  to  get  from  the  auxiliary,  under¬ 
neath  the  bulkhead,  into  the  crosscut.  This  bulkhead  further  serves  as  a  floor  on  which 
the  broken  material  from  the  blasts  in  the  auxiliary  is  caught.  This  muck  is  trammed  through 
the  connecting  crosscut  and  dumped  into  the  ore-pass  grizzly.  A  ladder  way  is  placed  in 
the  auxiliary  from  the  level  to  the  bottom  of  the  bulkhead,  affording  a  convenient  entranoe 
for  men  and  supplies.  These  connecting  crosscuts  are  driven  at  intervals  of  30  meters 
(98.4  feet)  and  the  same  procedure  is  continued  throughout  the  raising  of  the  ore  pass  and 
the  auxiliary.  The  ultimate  use  of  the  auxiliary  in  addition  to  the  safety  feature  during 
the  driving  as  outlined  above,  is  to  provide  a  secure  means  of  access  for  inspection  of  the 
ore  pass  and  to  enable  chute  blasters  to  place  charges  in  the  ore  pass  when  it  becomes 
choked  due  to  an  accumulation  of  fines  or  too  high  a  moisture  content  in  the  ore.  As  soon 
as  an  ore  pass  has  been  driven  up  a  few  meters,  a  "Cousin  Jack"  chute  is  put  in  on  the 
haulage  level  to  eliminate  any  shoveling.  The  ore  pass  is  connected  from  the  level  below 
to  the  one  above,  and  a  grizzly  is  placed  before  continuing  with  the  raise,  thus  eliminating 
any  handling  of  the  muck  on  the  intermediate  levels. 

Retram  Ore  Passes.-  Retram  ore  passes  are  driven  in  the  same  manner  as  those  on  the 
lower  levels  and  with  the  same  cross  section.  However,  due  to  the  shorter  lifts  the  upper 
level  raises  are  put  up  without  the  accompanying  auxiliaries  and  the  small  connecting 
crosscuts.  As  the  retram  ore  passes  are  generally  located  in  andesite,  a  5-foot  round  can 
usually  be  broken  with  nine  holes,  each  loaded  with  a  charge  of  5  sticks  of  25  per  cent  N.G., 
Ammon-Gelignite . 

Winzes  to  connect  with  these  ore  passes  are  sunk  from  the  level  above  to  a  depth  of 
2.5  meters  (8.2  feet).  The  winzes  are  driven  as  small  as  possible  and  enlarged,  after 
holing  through,  to  such  size  as  will  permit  the  permanent  grizzly  with  its  concrete  rein¬ 
forcement  and  safety  rail  to  be  securely  and  accurately  placed  (fig.  7). 

The  object  of  driving  the  winze  of  extremely  small  size  is  to  avoid  a  large  overbreak 
in  the  drift  or  crosscut,  which  would  necessitate  a  very  large  grizzly  sill  and  introduce 
the  possibility  of  excessive  maintenance  cost  due  to  the  grizzly  sill  taking  weight. 
Under  the  present  method  of  sinking  very  small  winzes  and  later  enlarging  them,  after  the 
connection  has  been  made  the  grizzly  sills  are  set  on  solid  ground,  and  only  in  exceptional 
cases  are  failures  experienced. 

Exploration  Raises.-  Exploration  raises  are  put  up  on  a  45°  slope  with  a  cross  section 
of  1.50  by  1.50  meters  (4.92  by  4.92  feet).  Wherever  practicable  they  are  planned  to  be 
used  later  as  observation  raises  for  noting  any  caving  action  of  the  block  undercutting: 
and  also  when  necessary  for  ventilation,  they  are  broken  through  to  the  surface  or  connected 
with  the  level  above. 

Pilot  Raises.-  Pilot  raises  are  used  in  making  shaft  conneotions.  The  shafts  are 
located  in  a  hard  breccia,  and  the  method  of  raising,  in  a  large-sized  shaft,  is  as 
follows : 

The  pilot  raise  is  zigzagged  up  on  a  50°  slope,  oeing  kept  within  the  shaft  section. 
After  breaking  through  to  the  top  level  the  raise  is  enlarged  to  the  full  shaft  size  from 
the  top  down,  the  shaft  timber  being  carried  down  with  the  enlargement,  and  the  spoil  drop¬ 
ping  down  through  the  pilot  raise  to  the  level  below. 
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SHAFTS 

Shafts  1  and  2  were  sunk  and  raised  to  provide  for  handling  men  and  supplies,  between 
Teniente  5  and  Teniente  C,  during  the  development  period  of  the  Teniente  mine. 

Shaft  A  was  completed  in  1920  to  take  care  of  the  increased  traffic  for  mine  production. 
This  shaft  has  two  hoisting  compartments  9  by  7  feet  1  inch  in  size  each  equipped  with  a 
50-man,  double-deck  cage  and  a  manway  of  9  by  6  feet,  up  which  are  carried  air,  water,  and 
power  lines  and  a  ladder  way.  The  shaft  is  timbered  with  10  by  10  inch  Oregon  pine  sets, 
spaced  on  6-|— foot  centers.  As  a  protection  against  fire  this  shaft  is  equipped  with  an 
automatic  sprinkler  system.  The  hoisting  equipment  consists  of  a  double  drum  hoist,  operat¬ 
ing  in  balance,  driven  by  a  160-hp.  A.C.  motor.  The  drums  are  7  feet  in  diameter  by  4  feet 
6  inches  long  and  are  grooved  for  1^-inch  cable.  This  equipment  is  provided  with  both 
overwind  and  overspeed  safety  devices. 

MINING  METHODS 

In  the  early  days  the  higher-grade  portions  of  the  outcrops  were  first  worked  inter¬ 
mittently,  all  ore  being  hand  sorted  and  sacked.  Later,  the  high  grade  having  become  de¬ 
pleted,  a  tunnel  was  driven  in  Fortuna  2,  and  a  raise  put  up  to  the  surface.  This  showed 
ore  running  about  4  per  cent  copper,  but  as  the  ore  was  well  disseminated,  it  was  impossible 
to  handle  it  at  a  profit  without  concentration.  Mr.  Braden,  becoming  interested  at  about 
this  time,  put  up  a  250-ton  mill  and  ore  was  obtained  first  by  glory-hole  methods  and  then, 
as  this  gradually  became  impracticable,  by  shrinkage  sloping. 

The  original  Fortuna  slopes  were  planned  to  run  normal  to  the  long  axis  of  the  orebody 
with  a  width  of  7  meters  (22.95  feet)  having  a  10-meter  (32.8  feet)  pillar  between  them.  In 
the  center  of  these  pillars  starting  alternately  from  the  footwall  and  hanging-wall  bound¬ 
aries  the  slope  entrance  chimneys  were  raised  on  a  45°  slope,  zigzagging,  in  the  plane  of 
the  pillar,  from  the  fcotwall  toward  the  hanging  wall  or  vice  versa.  These  chimneys  gave 
access  for  men,  supplies,  and  the  air  line  to  the  shrinkage  slope  on  both  sides  by  means  of 
small  crosscuts  spaced  7  meters  (22.95  feet)  vertically.  The  height  of  these  shrinkage 
slopes  ran  up  to  approximately  100  meters  (328  feet).  It  was  found,  however,  in  subsequent 
pillar  caving  cperations,  that  it  was  difficult  to  break  such  thick  pillars,  due  to 
their  tendency  to  arch  longitudinally  so  as  to  necessitate  raising  small  slopes  in  the 
footwall  and  hanging-wall  extremities  of  the  pillar.  Because  of  this  unfavorable  condition, 
when  sloping  was  started  in  the  Teniente  mine  the  thickness  of  the  pillars  was  decreased  to 
5  meters  (16.4  feet),  leaving  the  width  of  the  slope  at  7  meters  (22.95  feet).  This  re¬ 
quired  a  change  in  the  slope  entrance  chimney.  A  "turret  raise"  was  then  substituted.  This 
raise  was  driven  on  a  45°  slope  with  8-meter  (26.23  feet)  legs,  one  raise  being  located  at 
each  end  of  a  set  of  three  slopes  and  serving  them  by  small  connecting  crosscuts  (fig.  8). 

The  successful  caving  of  these  pillars  still  presented  difficulties,  and  a  further  re¬ 
reduction  in  their  width  was  made  to  3  meters  (9.84  feet),  reducing  the  slope  width  to  5 
meters  (16.4  feet) . 

Cribbed  manways  were  then  adopted  for  slope  entrances,  these  being  raised  in  solid  rock 
at  each  end  of  the  slope  and  abutting  the  slope.  These  manways  are  equipped  with  ladders 
and  are  used  as  an  entrance  for  men,  supplies,  and  a  2-inch  air  line.  At  the  fcot  of  the 
manway  a  tugger  hoist  is  located,  by  means  of  which  steel  and  other  supplies  are  hoisted  to 
the  top  of  the  slope  (fig.  9). 
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Figure  9.- Spacing  of  holes  in  stope 


Figure  lO.-Stepe  chute  raises.  Stope  raised  on  new  system  normal  to  drift 


Figure  11.- Stope  raised  on  old  system  parallel  to  crosscut 


tji*.  rfttrt 

♦  ’ 

fee  f‘ 

Vivi  »lr.'  wit#rj' 


.#<ii  Or#£<iti  pir»i  »iu^' 
'  i  irVi  Kliv*4  HH  ti^ mT 
#  4r««  b«V«t, 

«w  ifi  I  /«ft‘ 


Crii'U  (OmtOCO 

•WA,v.  '■%itfpip>i  vfrv*''' ftnJl  «3rli«4i  Ipi#!^ 


i  •»  J»  I 

.  ’3J>  «ifj|  v;.-»if6 

-  '  ■•«  •)«3i  fc/dd*  hiirir;  iNraotj 

»»♦•«  •  ■■^'n  I  II A — L- j.y-rrtte-. ■  >.rf  »lf‘^^C»  Tfc?,* 

|Lr  #.  -  -  »  »  »44l  M  i< 


4fr?-v  4 


•  a/  *(ljr 

.  f  i<i  ■**»%-  (f* 


^  I  • !  il  I  !■!  <?  r  T  !•  t  •  r  5 
tl{#  <v*m'.4i  1^4* 


’•Ka  VilUf/  X 
ll«Q#-*  Xot 

wi^.1  •<r»!i..-  ’-.r^r- 


20*4  «jrif  /X  th*  Vr#b<dy  ' 


^  fiei!  ptljw*:-  (ivlVtvtk  '  I» 


*.xL«$  Ui  .1  .iiSjelctr».  tlftaTtiitf*  M  iMsyi«^  fT 


C»t  tipijRJ 


F'’  At'  j  t  J 

piU»r  (»vu4i*p*4£&jLf 


'  '  ‘  fc.-  *»**■■ 


pic*. pji^'aiiJL..  ffcrt'*  i>btfcui^' 
t  on  cft'tfn  'ii  tff 

tJ***''  ''kduktitji^- 


■-5r*w  '*  ♦#■ 

‘4-  it*  iKo' 


^  ItPoti  ^  '  jj  4jb  liVijL^ '  li  1  ty  n>'  -V - L  .,, 

/■♦Ot’ali  at>4  «f  »k  *'pillir,  r«c»MM  *«?  vaA  :w■^t^^^^l^cwa<SiUo^. 

•1  •?*  «*Op^«(V  »9»* 8ioT?!?y  -milf  Wu>t>-<^ae>-iff  j  l  a  *  r>  f|«''44Mf«A«*4  to 

♦  «  Uf.-i  JVtf.  Ifl: :.  .  t.,i  V  .  ^  V-ife  n%tf.  'ffti*  f#-' 


’■j  i;.i.*4*  I  n»*  A*  *•.-  •-  4f  .Wi  «y»*uiwl#4.  Ttat 

*«  np  tAf*«-4«  U^etAd  a? 

ifcl  *  ^  J  ^  I  *  a  %t4>  4-  4XP«««dU  (fSlI  e)  i ' 


4  #1  .  -.r  4 

}»f  :W*  p*n^i'*'‘#uV4  •  fortlHr'r-#- 

f*'i.,.-u-  i«i  f^rxr  n-U!  4»  *>H,  »>  x'V  • 

-.4..  4?  *^-.4  I  Tt  ? 


*».  - 1,- 


T  T  ’■  r  -  .i»^r  .  -4r4>  »  P  W  J  •■•»▼«  IT”. 

tu#  Aldpo  •tsif*"’^  9 

^  f  >>  ’ 


l^iAf  k^iAAd  la'  Bolid  «i««  ^ 

t  Afttipltod  Alia 
IjiAT:  At  Vr.6 

libptili^  Am  Wlti! 


13:38  *<o<r3ai  iAj*ouT«>Ha»' 

•Mwin  ai  iAiban  Mo  no  btolM  awe-fx  nu|Pi 


i>o4 


t»  t  |p!'«»  ' 


I. C. 6565, 


STOPING 

The  drifts  under  the  stope  having  been  driven,  the  first  step  is  to  put  up  the  stope 
chute  raises  from  these  drifts  (see  fig.  10).  These  are  located  on  6.1  meters  (20  feet) 
centers  and  are  driven  up  3.90  meters  (12.8  feet)  on  a  46°  slope  at  an  angle  of  75°30'  from 
the  center  line  of  the  drift  to  the  elevation  of  the  stope  sublevel.  After  driving  about 
1  meter  (3.28  feet)  of  the  stope  chute  raise  (one  round),  the  timber  for  the  chute  is  stood 
and  the  chute  box  installed.  The  tops  of  the  stope  chute  raises  are  then  connected  by  a 
drift,  7  feet  high  and  6  feet  wide,  from  the  hanging-wall  to  the  footwall  limits  of  the 
stope.  The  chutes  are  then  belled  out  to  insure  good  drawing,  and  the  stope  is  started  by 
widening  out  the  drift  and  raising  from  it. 

Approximately  40  per  cent  of  the  tonnage  of  the  ore  broken  out  of  the  solid  is  drawn 
for  production,  the  remaining  60  per  cent  being  left  in  the  stope  to  support  the  pillars 
and  allow  the  miners  to  drill  the  back  for  the  next  round. 

The  stope  crew  drill  and  blast  50  meters  (164  feet)  along  the  stope  during  each  shift. 
The  number  of  miners  required  is  roughly  calculated  at  10  per  stope,  thus  giving  each  pair 
about  10  meters  (32.8  feet)  of  back  to  drill.  The  holes  are  spaced  along  the  length  of  the 
stope  from  1  to  1.25  meters  (3.28  to  4.1  feet)  apart;  they  are  drilled  in  sets  of  four  con¬ 
sisting  of  two  cut  holes  and  two  side  holes,  the  cut  holes  being  given  an  inclination  of 
about  20°  from  the  vertical  and  the  side  holes  being  sloped  slightly  toward  the  walls.  The 
average  depth  of  hole  is  6  feet  and  the  average  number  drilled  per  machine  shift  varies  from 
15  to  20.  An  average  of  70  tons  per  machine  shift  is  broken,  of  which  28  tons  can  be  drawn 
as  shrinkage. 

All  the  men  in  the  stope,  including  the  stope  boss,  stopemen,  mechanics,  and  tool 
nippers,  work  on  contract,  the  monthly  basis  of  payment  being  the  amount  of  broken  tonnage 
as  calculated  by  the  engineers. 

With  the  changes  in  the  sizes  of  the  stopes  and  pillars  the  system  of  crosscuts  driven 
from  hanging  wall  to  footwall  was  changed  to  a  system  of  drifts  running  north  and  south  or 
perpendicular  to  the  crosscuts.  The  orientation  of  the  stopes  remained  as  before,  thus 
bringing  them  normal  to  the  drifts.  The  basis  of  this  change  was  the  theory  that  the  com¬ 
pressive  stresses  set  up  by  the  caving  of  the  pillars,  during  the  pillar  caving  operation, 
crushed  the  pillar  stubs,  in  stopes  raised  parallel  with  the  crosscuts,  thereby  throwing  the 
entire  overhead  weight  on  the  crosscut  timbers.  With  the  stopes  normal  to  the  drifts  it 
was  reasoned  that  the  lugs  between  the  drifts  would  not  break  up  as  readily  and  would  carry 
more  of  the  weight  of  the  broken  mass,  thus  relieving  the  pressure  on  the  drift  sets  and 
decreasing  the  timber  costs.  Actual  practice  has  borne  out  this  assumption,  by  a  reduction 
in  the  cost  of  timber  maintenance.  A  further  advantage  of  having  the  stopes  run  normal  to 
the  drifts  is  the  greater  amount  of  ground  available  at  all  times  for  extraction.  With  the 
old  system  (fig.  11)  it  was  necessary  to  cave  from  60  to  90  meters  (197  feet  to  295  feet) 
of  the  crosscut  before  draw  operations  could  be  started.  In  heavy  ground  often  as  much  as 
half  of  this  available  drawing  area  was  down  due  to  timber  failures  in  the  crosscut.  This 
greatly  reduced  production  from  the  section  under  draw.  With  drifts,  and  stopes  normal  to 
the  azimuth  of  the  drifts,  it  is  seldom  necessary  to  have  over  30  chutes  of  45  meters 
(147.6  feet)  undercut  at  one  time.  Caving  from  hanging  wall  to  footwall,  the  various  drifts 
give  more  points  of  access  for  drawing.  If  one  or  more  drifts  have  timber  trouble,  seldom, 
if  ever,  is  the  work  of  more  than  two  loaders  interfered  with,  whereas  under  the  old  system 
from  six  to  ten  loaders  might  be  unable  to  draw  in  the  section  affected. 
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PILLAR  CAVING 

The  work  of  pillar  caving,  consisting  of  breaking  up  the  solid  pillar  between  the 
stopes,  is  commenced  by  putting  up  the  chute  raises  3.50  meters  (11.48  feet)  into  the 
pillar.  The  tops  of  these  raises  are  then  connected  by  a  2  by  2  meter  (6.56  by  6.56  foot) 
drive  for  the  entire  length  of  the  pillar.  Over  a  6-meter  (19.67-foot)  length  the  top  and 
sides  of  this  drive  are  enlarged,  and  holes  are  then  drilled  to  within  breaking  distance 
of  the  adjoining  stopes.  These  holes  are  blasted,  with  the  resultant  breaking  up  of  the 
base  of  the  pillar.  This  procedure  is  continued  for  the  full  length  of  the  stopes  until 
the  entire  pillar  base  is  weakened.  The  subsequent  drawing  of  the  chutes,  underneath, 
furthers  the  complete  disintegration  of  the  pillar.  This  process  is  graphically  shown  in 
the  accompanying  sketches.  (Fig.  12.) 

BLOCK  UNDERCUTTING 

The  block  undercutting  method  of  mining  is  the  gradual  development  of  a  system  evolved 
at  Braden  from  the  experience  gained  in  the  caving  of  pillars  between  shrinkage  stopes. 
The  method  can  be  defined  as  the  process  of  caving  virgin  ground  adjacent  to  country  that 
nas  previously  been  weakened  or  caved  by  a  minimum  amount  of  stoping  and  pillar  caving. 

In  shrinkage  stoping,  as  has  been  noted  before,  it  is  necessary  to  raise  stope  chutes 
and  connect  their  tops  with  a  small  crosscut.  With  the  present  caving  practice  this  raising 
and  driving  is  eliminated,  resulting  in  a  corresponding  saving  in  the  preparation  work.  This 
excessive  preparaticn  work  and  the  high  cost  of  breaking  ore  in  stoping  were  the  main 
factors  in  bringing  about  the  change  in  caving  methods,  the  new  system  being  obviously  more 
economical.  The  cost  of  ore  broken  in  shrinkage  stoping  has  averaged  43.37  cents  per  ton 
while  block  undercutting  costs  have  averaged  20.5  cents  per  ton,  a  direct  saving  of  22.87 
cents.  With  this  marked  reduction  in  cost  by  block  undercutting  as  compared  with  stoping, 
the  present  practice  is  toward  raising  a  minimum  number  of  shrinkage  stopes,  mainly  for 
boundary  cut-offs  and  such  preliminary  stope  weakening  as  is  necessary  on  a  new  level.  Of 
the  present  delivered  tonnage,  over  85  per  cent  is  derived  frcm  block  undercutting. 

The  undercutting  is  commenced  by  taking  a  section  of  a  drift  6  meters  (19.68  feet) 
long  and  drilling  a  6-foot  round  above  the  top  lagging  and  through  the  drift  chutes,  as 
shown  in  Figure  13  at  A.  The  ore  broken  in  this  first  round  is  drawn  out  through  the 
drift  chutes,  leaving  a  small  open  stope  approximately  7  feet  high  above  the  drift  timbers. 
Access  to  this  stope,  after  the  first  blast,  is  through  the  end  chute  next  to  the  virgin 
country  in  the  section  of  drift  blasted.  Preliminary  to  this  initial  blast,  an  entrance 
chimney  has  been  completed  from  the  adjacent  drift  to  the  center  of  the  pillar,  as  shown  in 
the  sketches.  This  entrance  is  driven  with  a  1.50  by  1.50  meter  .  (4. 92  by  4.92  feet)  section 
on  a  48°  slope  with  an  angle  of  8°  30'  from  the  perpendicular  to  the  drift  to  meet  a  similar 
chimney  driven  from  the  last  chute  in  the  undercut  stope,  as  shown.  Before  making  the 
second  widening  blast  in  the  undercut  stope,  the  entrance  chimney  is  connected,  thus  provid¬ 
ing  a  safe  entrance  for  men  for  subsequent  shots  in  the  undercut  stope.  A  second  and  third 
widening  blast  are  made,  as  shown  in  Figure  13,  B  and  C.  Upon  making  the  third  blast,  the 
ground  usually  shows  signs  of  weakening,  and  it  is  necessary  to  stull  up  the  back  in  order 
to  assure  safety  for  the  miners  in  drilling  and  loading  the  final  blast  which  breaks  to  the 
adjacent  caved  country,  as  shown  in  Figure  13  D.  This  operation  is  carried  on  in  progressive 
slices  in  successive  drifts  until  sufficient  country  is  weakened  to  produce  continuous  cav¬ 
ing  action.  After  an  undercut  section  has  been  completed  in  a  drift,  300  tons  of  ore  per 
chute  are  drawn  to  allow  sufficient  room  for  further  caving  action.  These  chutes  are  then 
sealed  and  remain  closed  until  the  next  progressive  slice  has  been  undercut.  The  reason  for 
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4.85  M 


A.  FIRST  STAGt 


B.  SeCOMD  STAQC 


C.  BEGINNING  UNDERCUT 


Figure  12.—  Pillar  caving  drifts  replacing  crosscuts 
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Figure  13.— Undercutting  practice 
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this  procedure  is  to  keep  the  miners  from  working  against  an  open  stope.  That  portion  of 
the  entrance  chimney,  leading  into  the  last  undercut  stope,  is  used  as  an  observation  en¬ 
trance  to  note  the  caving  action  in  the  preceding  slice.  Where  a  pillar  is  unavoidably 
left  between  this  undercut  slice  and  the  preceding  slice,  and  where  the  back  is  firm  enough 
to  allow  stalling,  a  passageway  is  opened  up  to  allow  redrilling  the  unbroken  pillar. 

An  undercut  crew  consists  of  four  miners  who  are  paid  on  contract  on  a  lineal  meterage 
basis  of  drift  undercut.  Stoping  machines  are  used  exclusively  for  all  drilling. 

Formerly  it  was  considered  at  Braden  that  50-meter  (164  foot)  lifts  were  the  maximum 
that  could  be  caved  successfully.  Due  to  a  study  made  on  the  action  of  caving  ore,  however, 
100-meter  (328  foot)  lifts  were  attempted  and  successfully  caved,  with  no  loss  of  ore  and 
with  no  excessive  waste  dilution.  All  present  development  is  laid  out  on  the  basis  of  100- 
meter  lifts. 


UNDERGROUND  HAULAGE 

Hand  Tramming.-  All  hand  tramming  is  done  by  means  of  1-ton  cars.  The  trammers  are 
placed  so  as  to  give  each  one  a  minimum  of  10  chutes  to  pull  in  order  that  a  daily  tonnage, 
specified  by  the  draw  engineer,  may  be  drawn  from  each  chute.  Dumps  are  spaced  on  30-meter 
(S8. 4-foot)  centers  in  the  drifts,  thus  giving  each  trammer  a  maximum  tram  of  15  meters 
(49.2  feet).  An  average  of  55  tons  per  trammer  is  produced  per  8-hour  shift.  Chute  blasters 
aid  drawing  operations  by  bulldozing  the  chutes  and  generally  helping  the  trammers.  Usually 
one  chute  blaster  is  employed  to  every  3.5  to  4  trammer,  the  ratio  depending  on  the  kind  of 
ore  being  drawn.  Twenty-one-pound  baby  jackhamers  are  used  in  bulldozing. 

Since  the  payment  for  hand  tramming  in  caving  sections  is  made  on  a  contract  basis  it 
was  necessary  to  have  an  accurate  count  of  cars  trammed  by  each  man.  Formerly  this  record 
was  kept  by  car-checkers.  This  system  proved  unsatisfactory  and  an  automatic  car 
counter,  operated  by  an  arrangement  of  springs  and  cams,  was  designed  and  installed  on  each 
car  used  in  the  caving  sections.  As  the  cars  are  of  1-ton  capacity,  it  is  necessary  for 
the  trammers  to  load  this  weight  into  the  car  and  actually  dump  it  before  the  automatic 
device  will  register.  The  markers  on  each  car  are  read  at  the  beginning  and  end  of  each 
shift.  The  number  of  cars  paid  for  is  based  on  the  difference  in  the  readings  of  the 
counters.  The  success  of  this  automatic  counter  is  borne  out  by  the  fact  that  the  produced 
tonnage  over  the  past  two  years  has  been  equal  to  the  weighed  tonnage  delivered  to  the  mill. 

Electric  Motor  Tramming.  (Teniente  C).-  The  ore  is  retrammed  on  Teniente  C  level, 
where  it  is  collected  from  the  gathering  ore  passes  which  serve  the  producing  levels,  and 
is  delivered  to  the  main  hanging-wall  ore  passes.  The  latter  run  down  to  the  main  electric 
haulage  way  on  No.  5  level,  whence  the  ore  is  delivered  to  the  coarse-ore  bins  (fig.  1). 

The  retram  haulage  equipment  consists  of  10-ton  locomotives,  driven  by  D.  C.  motors, 
having  a  speed  of  8  miles  per  hour  and  a  capacity  load  of  fifteen  5-ton  ore  cars  per  train. 
The  cars  are  of  the  gable-bottom  type  with  an  overall  length  of  11  feet  7^  inches,  width  of 
5  feet  2  inches  and  a  capacity  of  95  cubic  feet.  They  are  provided  with  either  hand  or 
automatic  air  dumpers.  Each  electric  locomotive  is  equipped  with  an  air  compressor,  type 
CP  28-A,  compressing  to  90  pounds,  having  a  capacity  of  25  cubic  feet  of  free  air  per  minute 
and  discharging  into  an  air  receiver  having  a  capacity  of  7.5  cubic  feet.  From  this  receiver 
air  connections  are  made  with  the  train  through  standard  railroad  air-line  equipment.  On 
one  end  of  each  car  is  an  air  cylinder,  controlled  by  a  3-way  valve,  the  piston  of  which 
actuates  a  ratchet  arrangement  on  the  end  of  the  piston  arm  engaging  with  a  half  gear.  This 
half  gear  is  connected  to  the  door  lever  arms  and  controls  them.  By  standing  at  the  side 
of  the  train  and  operating  the  3-way  valve  a  man  can  open  and  close  the  side  of  the  cars 
over  the  main  ore  pass  dumps,  thus  eliminating  the  dangerous  practice  of  climbing  in  between 
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the  cars  and  manually  operating  the  dumping  device.  The  time  consumed  in  dumping  the 
trains  is  also  lessened,  having  now  been  decreased  to  one  minute.  Roller  bearings  are 
standard  equipment  for  this  section.  The  track  has  a  gage  of  30  inches,  4C-pound  rail  be¬ 
ing  used.  All  switches  throughout  the  level  are  governed  by  semiautomatic  signals.  The 
standard  loading  gate  used  on  the  level  allows  a  15-car  train  to  be  loaded  in  four  minutes. 
The  dumps  on  this  level  are  17  feet  long  and  14  feet  wide.  The  grizzlies  are  made  with  60- 
pound  rail  spaced  to  give  a  14-inch  opening.  Train  movement  throughout  the  level  is  con¬ 
trolled  by  a  train  dispatcher.  A  special  telephone  system,  installed  exclusively  for  this 
service,  has  connections  at  each  crossing,  ore  pass,  and  dump.  By  means  of  this  system, 
train  orders  are  communicated  to  the  train  crews. 

Operations  are  conducted  on  two  8-hour  shifts  with  four  15-car  trains,  allowing  a  4-hour 
interval  between  shifts  in  which  to  take  care  of  such  items  as  track  maintenance  and  clean¬ 
ing  up.  Payment  of  motor  crews  is  by  contract  based  on  monthly  tonnage  hauled.  The  handling 
of  the  ore  through  the  ore  passes  above  Teniente  C  is  controlled  by  gate  tenders  working  on 
the  intermediate  levels  and  under  the  supervision  of  the  retram  foreman.  Figure  14  shows 
the  type  of  control  gate  used  on  the  intermediate  levels. 

Electric  Motor  Tramming.  (Teniente  5).-  On  Teniente  5  level  the  ore  is  transported 
from  the  main  ore  passes,  coming  down  from  Teniente  C,  to  the  mill  coarse-ore  bins  located 
cn  the  surface.  The  gage  of  the  track  in  this  haulage  way  is  30  inches  but  60-pound  rails 
are  used  to  take  care  of  the  heavier  traffic.  The  grade  is  0.5  per  cent  in  favor  of  the 
loaded  ore  trains.  Twenty-five-ten  electric  locomotives,  operating  on  550-volt  direct 
current,  having  a  maximum  speed  of  7  miles  per  hour  with  a  drawbar  pull  of  9,000  pounds  at 
this  speed,  and  equipped  with  air  and  hand  brake  control,  are  used  exclusively  in  this 
section  of  the  mine.  The  maximum  ore  haul  is  3,886  yards.  Trains  make  a  complete  round 
trip,  including  weighing  and  dumping,  from  the  main  ore  passes  to  the  mill  bins  in  30  minutes 
The  ore  cars  used  are  of  the  gable-bottom  type,  having  a  capacity  of  23.8  tons.  The  trains 
are  equipped  with  automatic  air  control.  They  consist  of  12  cars  and  operate  singly  on  the 
return  trip  from  the  mill  bins  to  the  ore  passes  and  in  tandum  on  the  outgoing  run. 

The  train  crew  consists  of  a  motorman  and  two  brakeman,  who  assist  in  loading  at  the 
ore  passes  and  in  the  dumping  operation  at  the  bins.  All  switches  are  governed  by  electric 
semaphore  signals  and  train  movements  are  controlled  through  a  central  dispatching  office, 
where  each  train  crew  reports  to  receive  train  orders. 

Supply  and  passenger  trains  are  also  operated  at  regular  intervals  over  this  road. 
Steel  passenger  cars,  of  the  Broadv/ay  type,  are  used  for  passenger  service. 

HOISTING 

Hoisting  is  confined  to  the  handling  of  men  and  supplies,  all  vertical  ore  handling 
being  done  by  gravity  through  the  ore  passes. 

WAGE,  CONTRACT,  AND  BONUS  SYSTEMS  EMPLOYED 

In  1928  seventy  per  cent  of  all  underground  mine  labor  was  paid  on  a  contract  basis. 

A  standard  set  of  contract  prices  is  in  effect  throughout  the  mine,  covering  all  such 
work  as  drifting,  raising,  winzing,  stoping,  undercutting,  tramming,  steel  sharpening,  and 
timbering,  both  for  standing  new  sets  and  for  repair  work. 

All  men  working  on  contract  are  guaranteed  day's  pay  earned  at  the  base  rate  of  the 
occupation  involved. 

A  bonus  is  paid  on  rush  work,  such  as  driving  drifts  or  tunnels,  where  speed  is  an 
important  factor.  This  is  arranged  on  a  meterage  basis,  an  additional  payment  being  made 
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for  every  meter  driven  over  and  above  the  predetermined  monthly  average  for  the  particular 
type  of  ground  in  which  the  work  is  being  done. 

VENTILATION 

No  mechanical  ventilation  has  ever  been  found  necessary.  Circulation  is  always  good 
due  to  the  system  of  ore  passes,  with  their  connecting  auxiliaries,  various  shafts  and 
inclines,  and  adits  and  raises  broken  through  to  the  surface. 

The  air  is  always  cool  and  the  quantity  good. 

DRAINAGE 

All  drainage  is  by  gravity  to  the  various  portals  of  the  mine,  no  pumping  being  required 
■  _.  ,  RESCUE  WORK 

Classes  in  mine  rescue  work  are  conducted  by  the  safety  engineer.  Periodic  drills, 
giving  instruction  as  recommended  by  the  United  States  Bureau  of  Mines,  are  given  to  all 
bosses . 

These  drills  cover  the  use  of  oxygen  helmets  and  all  other  rescue  apparatus. 

SAFETY  METHODS 

r  (First-Aid  Organization  and  Training)  . 

Accident  prevention  and  the  safety  of  workmen  have  always  been  considered  as  major 
problems . 

First-aid  classes  are  conducted  the  year  round  by  the  safety  engineer  for  the  bosses 
and  workmen. 

A  safety  inspector  makes  daily  mine  inspections  and  recommendations  with  regard  to  any 
hazards  or  dangerous  practices  observed. 

The  use  of  hard  boiled  hats  is  compulsory  throughout  the  mine.  As  a  protection  against 
hand  wounds,  armoured  gloves  are  furnished  to  all  trammers.  For  work  in  ore  passes  and  other 
hazardous  locations,  the  workmen  are  provided  with  safety  belts.  Chute  blasters  and  miners 
are  supplied  with  canvas  bags  in  which  to  carry  their  powder. 

A  bonus  system,  based  on  the  severity  rate  of  accidents,  has  been  devised,  whereby  the 
bosses  have  an  incentive  to  enforce  all  safety  rules  and  measures  in  vogue  in  the  mine. 
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SUMMARY  OF  COSTS 


Teniente  mine  Year,  1928. 

5,174,017  tons  delivered 

Mining  method,  block  undercutting 


Labor  ^ 

Air  drills 
and  steel ^ 

Power 

Explo¬ 

sives 

Timber 

Other 

supplies 

General 

expense 

Total 

Development,  cents  per 

ton 

1.01 

0.39 

- 

0.64 

0.33 

0.20 

2.06 

4.63 

Mining  (undercutting)  . . 

.do . 

7.77 

0.89 

- 

1.52 

4.15 

0.63 

4.14 

19.10 

Hand  tramming  . 

.  do . 

3.93 

- 

- 

- 

- 

0.27 

- 

4.20 

Ore  handling^  . 

.do . 

2.14 

- 

0.04 

- 

0.28 

0.77 

- 

3.23 

Transportation  (E.R.R.)'^ 

do . 

1.00 

- 

0.10 

- 

- 

0.56 

- 

1.66 

General  expense  . 

— 

,  — 

— 

15.55 

15.55 

Total  cost . 

.do . 

15.85 

1.28 

0.14 

2.16 

4.76 

2.43 

21.75 

48.37 

1  Labor  includes  supervision. 


2  Includes  power  for  compressors,  maintenance  of  drilling  machines,  new  drill  steel,  and 
cost  of  drill  sharpening. 

3  Includes  retramming  on  Teniente  C  and  passing  ore  from  the  producing  levels  to  the  main 
haulage  level. 

4  Includes  only  electric  haulage  from  main  ore  pass  gates  to  mill  bins. 

5  Of  total  general  expense,  approximately  one-half  covers  charges  applicable  to  the  mine 
proper,  such  as  sampling,  fire  protection,  safety  measures,  efficiency,  engineering, 
water,  service  handling  supplies,  office  and  hospital  expense,  and  sundries.  The  balance 
consists  of  outside  charges,  such  as  Rancagua  and  New  York  office  expense,  taxes,  in¬ 
surance,  welfare,  legal  expense,  etc. 


COSTS  IN  UNITS  OF  LABOR,  POWER,  AND  SUPPLIES 


Tons  per  man 

Year 

Dry  tons 

Direct  operation 

Total  pay  roll,  includ- 

mined 

underground 

ing  surface  and  shops 

1927 

5,288,310 

13.2 

9.2 

1928 

5,174,017 

12.2 

8.7 

Power,  kilowatt-hours  per 

ton  shipped 

Kilowatt-hours 


Item_ per  ton 

Retramming  (Teniente  C)  .  0.15 

Electric  railroad  .  0.34 

Air  service  .  1.85 

Steel  sharpening  .  0.01 

Mine,  general  (sampling,  hoisting,  water 

service,  lighting,  heating)  .  0.56 

Total  .  2.91 
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Explosives 

(Ammon-Gelignite  25  per  cent  N.G.) 


Tons  broken  per 
pound  of  powder 

Pounds  of  powder 

per  ton  broken 

Primary  Blasting: 

Development  . 

.  0.83 

1.205 

Undercutting  (including  sloping)  . 

.  28.30 

0.035 

Secondary  Blasting: 

Chute  blasting  on  drawing  levels  . 

35.7 

*0.028 

Ore-pass  blasting  . 

.  98.6 

^0.010 

Tons  delivered 

Pounds  of  powder 

to  mill  per 

per  ton  delivered 

• 

pound  of  powder 

to  mill 

Total  explosives  . 

.  8.62 

0.116 

1  -  Bulldozing  chutes.  2  -  Unchoking  ore  passes. 


Timber 


Timber,  bd.  ft.  per  ton,  1.08  .  Based  on  total  tonnage  delivered  to 

mill  and  includes  timber  used  in 
all  mine  operations. 


DETAIL  OF  COSTS  IN  UNITS  OF  LABOR,  POWER,  AND  SUPPLIES 


Development 


Drifting 

Cross 

cutting 

Raising 

|Total  for  all 
develpoment 

Specifications : 

Size  of  excavation  . 

7 '6"  X  9 ’6" 

1 

7 '6"  X  9 ' 6" 1 

i 

6'6"  X  6'6" 1 

Timbered,  or  not  . 

Yes 

Yes 

No 

- 

Physical  properties  of  rock  . 

Medium 

Medium 

Medium 

- 

Labor  (man-hours  per  foot): 

Breaking  . 

1.73 

1.73 

2.10 

1.93 

Timbering  (extraction  drifts  only)  . 

3.20 

1  3.20 

1  - 

3.20 

Shoveling  . 

3.27 

3.27 

3.27 

Total  labor  . 

8.20 

8.20 

2.10 

8.40 

Feet  per  8-hour  shift  . 

4.61 

4.61 

3.81 

4.15 

Po.ver  and  supplies  (per  foot): 

Explosives  (lbs.  per  foot)  . 

5.50 

5.50 

4.32 

5.18 

Timber  (board  feet,  extraction  drifts 
only)  . 

137.8 

137.8 

137.8 

Power  and  supplies,  percentage  of 

total  cost  . 

25.5 
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1/  The  Bureau  of  Mines  will  welcome  reprinting  of  this  paper,  provided  the 
following  footnote  acknowledgment  is  used:  "Reprinted  from  U.  S.  Bureau 
of  Mines' Information  Circular  6566." 

^  Associate  mineral  economist,  common  metals  division,  U.  S,  Bureau  of  Mines. 
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imODUCTION 

This  circular  presents  a  suiamry  of  the  domestic  chromium  industry,  and 
disc'osses  the  salient  features  of  the  world  situation,  reflecting  the  liter¬ 
ature  of  the  subject.  The  United  States  Bureau  of  Mines  has  in  its  files 
additional  detailed  information  on  many  subjects  briefly  discussed  in  this 
paper  and  desires  to  assist  the  industries  and  the  public  by  giving  further 
data  in  response  to  individual  inquiries.  It  will  welcome  comment  and 
criticism  and  any  contributions  that  would  assist  in  making  future  editions 
of  this  circular  more  accurate. 

Unlike  most  common  metals,  chromium  is  rarely  marketed  as  a  pure  metal. 
The  chromium  industry  deals  mainly  with  chromite,  the  principal  ore  of 
chromium,  and  with  ferrochromium,  the  basic  alloy  in  which  chromium  enters 
the  metallurgical  industry. 

PROPERTIES  OF  CHR0t,aUM 

It  has  been  estimated  that  about  99.5  per  cent  of  the  earth’s  crust  is 
made  up  of  one- third  of  the  elements.  Cliroraium  is  one  of  the  large  group 
of  relatively  rare  elements  that  together  account  for  only  0.5  uer  cent  of 
the  lithosphere.  It  is  a  metal  belonging  to  the  oxygen  group  of  the  periodic 
system,  which  also  includes  molybdenurai,  tungsten,  and  uranium. 

The  properties  of  chromium  render  it  exceedingly  valuable  for  many  uses, 
the  metal  and  its  alloys  being  tou^  and  resistant  to  corrosion.  Its  oxide 
is  extensively  used  as  a  refractory. 

Metallic  chromium  isbluish  white  in  color.  It  possesses  high  metallic 
luster  and  talces  a  brilliant  polish;  it  crystallizes  in  the  cubic  system, 
the  crystalline  metal  being  relatively  brittle.  Chromium  has  a  hardness  of 
about  9,  approximately  that  of  sapphirej  its  scratch  hardness  is  2,000,  com¬ 
pared  with  1,950  for  case-hardened  steel, '750  for  ordinary  steel  shafting, 
and  408  for  Swedish  iron.  The  specific  gravity  of  chromium  at  SO^C,  is  6.92, 
and  its  atomic  weight  is  52.  It  melts  at  1, 520^0.,  boils  at  2,200°C. ,  and  its 
specific  heat  is  .0,1039  at  b°C.  and  0,1872  at  600^0 . 

Chromium  dissolves  slowly  in  cold  hydrochloric,  dilute  nitric,  and  dilute 
sulphuric  acids,  but  dissolves  rapidly  in  hot  hydrochloric  acid  and  concen¬ 
trated  sulphtu'lc  .acid.  .  It  is  unaffected  by  hot  concentrated  nitric  acid. 

The  pure  metal  .iq  unaffected  by  air,  oxygeri,  or  chlorine  at  temperatures  up 
to  SOO^C,  but  oxidizes  readily  at  temperatures  in  excess  of  l,200OC.;  it  is 
particularly  useful  for  its  resistance ' to  corrosion  from  the  atmosphere, 
rain,  or  sea  water _ and  from  sulphur  compounds  such -as  hydrogen  sulphide  and 
others  existing  in  petroiei^'and  in  rubber  dough.  It  is  also  of  importance 
industrially  because  of  its  resistance  to  corrosion  from  molten  zinc,  tin, 
brass,  ammonia,  lactic  and  acetic  acids,  and  other  industrial  organic  acids 
except  oxalic  acid. 

The  soluble  chromium  compounds  are  very  poisonous. 
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OCCURTIENCE 

Native  chromim  has  not  been  fomd,  bu.t  a  iniinber  of  minerals  foimd  in 
nature  contain  appreciable  aiaovuits  of  chromiima.  The  following  is  a  list 
of  the  more  common  chromi-ijm- bearing  minerals i 


Comninnly  occurring  clirominra- bearing  minera] s 


Mineral 

Molecular  composition 

Chromiinn  content 

Cr  1  Equivalent 

1  C’P<0.'^ 

Chromi te 

EeC.CrsOs 

46.5 

b3. 0 

Daubreelite 

PteS.CrsSs 

36.3 

53.1 

Uvarovite 

3CaO. Cr203.3Si02 

20.9 

30.6 

Crocoite 

FoCr04 

16.1 

23.5 

Stichtite 

7M.-70.  CrpOy .  2  COpi .  8HpO 

15.6 

22.8 

Fhoenicochroite 

3Pb0.2Cr03 

.12,0 

17.5 

Bellite 

FbCr04,XAs203 

1/11.8 

17.3 

Dietzeite 

7Ca(l03)2. 8CaCr04 

10, 5 

15.3 

Vauquelinite 

2(Pb,Ca)Cr04.  (Pb.0u)3P208 

y  7.3: 

10.7 

Redingtonite 

Hydrous  Cr  sulphate 

1/  6.1 

7.5 

Knoxvillite 

Hydrous  basic  Fe,+++  Al-Cr  sulphate 

y  b.i 

7.4 

ly  Variable  composition;  tjrpical  analjnsis  given. 


Of  all  the  minerals  containing  chrominra,  chromite  is  the  onl;^  one  of 
commercial  importance  as  an  ore  of  chromium. 

HIOPERTIES  AND  OCCURnENCE  OF  ClffiOI.HTE 

Chromite  (Cr203,Ee0)  has  a  theoretical  composition  of  68  ner  cent  of 
chromium  sesquioxide  (Cr^Os)  and  32  per  cent  of  ferrous  oxide  (EeO),  but  in 
the  mineral,  as  found  in  nature,  some  of  the  iron  has  usually  been  replaced 
by  varying  amounts  of  magnesium,  or  some  of  the  chromium  has  been  replaced 
by  al'jmiiia,  or  ferric  iron  (EesO^),  or  both. 

Chromite  is  usually  fo-md  in  ultra-basic  igneous  rocks  or  their  raeta- 
raorphic  equivalents  such  as  seruentine  -  the  most  co’iimon  ganguo  rock.  It 
occurs  disseminated  or  in  comuact  masses,  lenses,  or  stringers.  Its  origin 
has  generally  been^ascribed  to  magmatic  segregation,  but  recent  studies  of 
Hoss5/  end  Sampson^  indicate  that  some  chromite  may  not  be  due  to  this,  but 
may  have  been  introduced  after  solidification  of  the  rock  magma  or  during 
its  later  stages. 

Chromite  is  black  to  brownish,  sometimes  yellowish  red,  in  color;  it 
has  a  brown  streak,  is  translucent  to  opaque,  has  a  submetallic  lustre,  and 


3/  Ross,  Clarence  S,,  Is  Chromite  always  a  Magmatic  Segregation  Product: 

Econ.  Geol.,  vol.  24,  No.  6,  Sept, -Oct,,  1929,  pp.  641-645, 

4/  Sampson,  Edward,  May  Chromite  Crystalize  Tjate:  Econ.  Geol.,  vol.  24,  No. 
6,  Sept. -Oct.,  1929,  pp.  632-641. 
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is  sometimes  feelDly  magnetic.  The  hardness  of  chromite  is  5.5,  its  specific 
gravity  4.32  to  4.57;  it  is  brittle  and  has  an  uneven  fracture.  Chromite  is 
infusible,  and  gives  a  definitely  green  boraz-bead  test  in  both  the  oxidiz¬ 
ing  and  reducing  flames.  In  salt  of  phosphorus  in  the  oxidizing  flame,  it 
gives  a  yellow  color  when  hot,  but  on  cooling  changes  to  a  fine  emerald- 
green  tint.  With  soda  and  nitre  on  platinum  it  fuses  to  a.  magnetic  mass, 
which  is  yellow  in  color  when  cool,  A  sodiTm  phosphate  bead  is  green, 
whereas  sodium  carbonate  gives  a  yellovi^  opaque  bea.d  in  the  oxidizing  flame. 
Chromite  is  insoluble  in  acids,  but  is  decomposed  by  sodium  carbonate  with 
the  formation  of  water-soluble  sodium  chromate. 

Tine  usability  of  chromite  is  usually  determined  by  the  ratio  between 
iron  and  chromium  in  the  ore.  Iron  increases  the  fusibility  of  chromi  -e, 
making  it  less  desirable  for  refractories,  whereas  a  high  iron  content  renders 
chromite  less  usable  for  making  ferrochromium.  The  usual  ratio  of  chromium 
to  iron  in  commercial  chromite  is  about  2-1/2  :  1.  The  ratios  of  chromium 
to  alumina,  to  magnesia,  and  to  silica  are  important  also  because  these  con¬ 
stituents  increase  the  amount  of  slag  made  in  ferrochromium  smelting  and  thus 
increase  the  metallurgical  loss  of  chromium.  Silica  is  usually  limited  to  5 
per  cent,  as  it  is  uidesirable  in  ferrochromium  exceut  for  making  a  few  special 
alloys.  Much  of  the  better  foreign  ore  contains  from  48  up  to  55  per  cent  of 
chromium  sesquioxide,  but  the  average  domestic  ore  lias  a  content  of  only  about 
40  per  cent  and  its  iron  content  is  relatively  high.  Concentration  by  gravity 
of  domestic  ores  of  high  iron  content  usu.ally  increases  the  iron  content  as 
well  as  that  of  chromium,  so  that  the  ratio,  is  little  improved,  Foreign 
chromite  is  therefore  chiefly  in  deimand  and  there  is  little  market  demand  for 
domestic  chromite.  The  following  table  gives  representative  analyses  of 
marketable  ores  from  various  countries: 

Renresentative  analyses  of  chromite  from  various  countries—^ 


Percentage  of  principal  constituents 


Country  of  origin 

fc.  ».  1 .  ■ 

Chromic 
oxi  de 
(OrgOa) 

I  ron 

oxide 

(PeO) 

Magnes¬ 

ium 

oxide 

(MgO) 

j  Aluminum 

1  oxide 

i  (AI2O3) 

! 

Silicon 
di oxide 
(SiOg) 

Calcium 

oxide 

(CaO) 

I ndia : 

Baluchistan . 

54.00 

13.60 

16.40 

1 - 

i 

1  11.32 

1.86 

1.10 

Mysore  . 

51,04 

22.50 

12.00 

1  7.53 

4.50 

.60 

Rhodesia:  Selnkwree . 

54.40 

14.45 

11.70 

11.06 

6.00 

1.00 

Canada  . 

45.00 

■  22.50 

4.90 

!  8.09 

7.70 

5.60 

Russia  . 

50.30 

21.60 

13.00 

j  3.50 

5.40 

.60 

Asia  Minor  . 

52.90 

15.70 

16  c  40 

1  6.30 

1.10 

— 

Hungary  . 

39.00 

16.10 

17.20 

i  17.50 

8.00 

— 

United  States:  California 

44.70  1 

14.00 

16.50 

1  16.00 

8.00 

— 

Greece  . 

41.66  ' 

14.70 

16.66 

18.24  . 

2.00 

5. 76 

New  Caledonia  . 

55.02  ! 

1 

12.77 

8.00 

1  11.10 

3.00 

.50 

l/  Hoar,  H.  M. ,  World  Trade  in  Chromite;  Supplement  to  Commerce  Reports,  Trade 

Information  Bull.  252,  p.  9,  '  ’ '  .  . 
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Certain  iron  ores  of  Cuta,  Celebes,  the  Gold  Coast,  and  Greece  cohtain 
from  less  than  1  per  cent  to  3  per  cent  of  chroruiimm  associati^d  with  a  simall 
percentage  of  nickel;  they  are  classed  as  chromifercas  iron  ores. 

USHS 

The  world's  production  of  chromite  finds  its  way  into  metallurgical,  re¬ 
fractory,  or  chemical  uses.  It  has  been  estimated  .that  the  ccnsumption  in 
the  United  States  in  192’’^  was  divided  as  follows:-^  Metallurgical,  46  per 
cent;  refractor^/’,  41  ner  cent;  chemical,  13  per  cent. 

Metallurgical  Uses 

Preuaration  of  Metallic  Chromium 

g/ 

Metallic  chromium  may  be  preuared  in  the  following  ways:—' 

1.  Reduction  of  CrpO^  with  ca.rbon  in  the  electric  furnace. 

2.  Reduction  of  Cr^Cg  with  magnesium  or  aluminum  by  the  thermic  process, 

3.  Reduction  of  chromic  chloride,  CrCl^,  with  potassium,  sodium,  or  zinc. 

4.  By  electrolysis  of  solutions  of  chromium  compounds,  usually  chromic 

acid. 


Metallic  chromium  is  used  to  some  extent  in  the  manufact'ore  of  high 
chromium  content  alloys.  It  is  also  used  as  a  protective  coating  on  metals 
where  it  is  deposited  by  electrolysis. 

Perrochroraium 

Perro chromium  is  an  alloy  of  iron,  chromium,  and  carbon  and  is  the  basic 
alloy  used  in  the  manufacture  of  most  c'lrome  alloys.  For  the  manufacture  of 
ferrochrome  chromite,  mixed  with  anthracite  coal,  is  reduced  in  the  electric 
furnaceZy  at  a  temperature  of  about  1,155°  C,  Reduction  takes  place  theo¬ 
retically  according  to  the  following  formula: 

FeO  +  CrpOs  +  40  =  Fe.2Cr  -r  400. 

The  resulting  alloy  us-oally  contains  60  to  70  per  cent  of  chromium,  25 
to  32  per  cenc  of  iron  and  carbon  in  three  ranges;  4  to  8  per  cent,  1  to  2 
per  cent,  and  under  1  per  cent.  The  amount  of  silicon  is  generally  specified 
by  the  consumer;  it- varies  according  to  the  use  for  which  the  ferrochromium 
is  intended.  Low  carbon  ferrochromium  is  made  by  retreating  high  carbon  ferro- 
chrorai-um  with  lime  slag,  chromite  ore,  and  fluors-oar.  Owing  to  metall-urgical 

^  Sampson,  Edward,  Chromite:  Eng.  and  Min.  Jour.,  vol,  125,  Jan.  21,  1928,  p. 

I  1G4 . 

6/  Friend,  J.  H.,  Textbook  of  Inorganic  Chemistry:  Vol.  7,  pt,  3,  p,  9. 

7/  Lyon,  D.  A.,  Keeney,  R,  M. ,  and  Cullen,  J.  F,,  The  Electric  Furnace  in 
Meta.llurgical  Work:  Bull.  77,  Bureau  of  Mines,  1914,  pp,  131-141, 
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difficulties  encountered  in  this  retreatnient,  the  price  for  low  carhon  ferro- 
chromium  is  generally  2  to  3  times  as  much  as  for  high  carhon  ferrochromium. 

Ores  used  in  the  manufacture  of  ferrochromium  usually  contain  45  to  50 
per  cent  of  chromium  sesq\iioxide  and  less  than  5  ner  cent  of  silica.  Silica 
is  undesirable  because  the  chemical  reactions  of  silicon  and  carbon  are  so 
similar  that  there  is  great  difficulty  in  separating  them  metallurgically, 

A  typical  ore  used  in  the  manufacture  of  ferrochromium  contains  at  least  40 
per  cent  of  chromium-  sesquioxide,  a  maximum  of  5  per  cent  of  silica,  a  maxi- 
mun  of  0,5  per  cent  of  sulphur,  and  a  maxiraun  of  0,2  per  cent  of  phosphorus. 
Some  operators  claim  tl'iat  a  50  per  cent  ferrochromium  can  be  manufactured 
from  ores  containing  30  per  cent  of  Cr203,  10  per  cent  of  FeO,  and  traces  of 
sulphur  and  uhosphoius.  Lump  ore  is  preferred  over  concentrates  or  fine  ore, 
since  with  the  latter  there  is  said  to  be  a  high  loss  of  chrominm,  perhaps, 
amounting  to  as  much  as  10  per  cent.  Concentrates  general!:/  have  hiv^ 
chromium  content,  but  at  the  same  time  they  are  often  high  in  iron,  and  since 
nearly  all  of  the  iron  finds  its  way  into  the  alloy,  it  is  difficult  to  ob-  . 
tain  the  60  or  70  per  cent  of  f erroclu'omiura  usually  required.  High  ma-g- 
nesia  and  alumina  increase  the  cost  of  manufacture  because  they  increase 
the  amount  of  slag  to  be  handled. 

Chromium  Alloys 

Chromi\mi  is  an  essential  constituent  of  many  ferrous  and  nonferrous 
alloys,  for  which  use  its  hardening  and  corrosion-resisting  properties  are 
of  great  value.  These  alloys  are  finding  increased  application  in  many 
branches  of  industry*. 

The  properties  and  uses  of  chromium  alloys  are  affected  by  several  fac¬ 
tors,  such  as  carbon  content,  heat  treatment,  and  the  content  of  other 
alloying  metals — nickel,  manganese,  silicon,  vanadium,  etc, — ;  however,  a 
discussion  of  this  phase  of  the  metallurgy  of  chromium  is  too  involved  for 
detailed  presentation  in  this  paper.  An  excellent  general  discussion  of 
chrom-ium  alloys  was  presented  by  Frederick  M.  Becket  in  Mining  and  Metallurgy 
of  December,  1928,  and  January,  1929, 

Becket  classifies  the  chromium  steels  into  three  groups,  as  follows: 

1.  Low-chromium  steels  containing  5  per  cent  or  less  of  chromium, 

2.  Medium- chromium  steels  containing  up  to  18  or  19  per  cent  of 
chromium. 

3.  High-chromium  steels  containing  still  higher  percentages  of 
chromium. 


Most  of  the  low-chromium  steels  contain  about  1  per  cent  of  chromium 
and  are  useful  for  their  strength,  toughness,  and  hardness.  These  types  of 
steel  are  used  in  antifriction  bearings,  case-carburizing  steels  employed 
in  gears,  etc.,  cutlery  and  small  tools  requiring  maintenance  of  a  keen  ( 
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edge,  and  crasher  parts  and  other  articles  requiring  strength  and  resistance 
to  abrasion.  The  addition  of  nickel  induces  greater  toughness  and  di'^naraic 
strength  without  the  loss  of  hardness.  Small  amounts  of  vanadium  produce 
high  tensile  strength  and  fatigue- resisting  properties;  these  steels  are  used 
in  the  a^les,  cranlcshafts,  etc,,  of  motor  cars,  Molybdenum  also  improves 
the  fatigue  resistance  of  low-chroraium  steels  and  uroduces  better  machin- 
ability,  weldability,  and  wider  latitude  in  heat  treatment.  Some  hi^-speed 
steels  contain  from  3~l/2  to  5  per  cent  of  cliromiimi  and  11.5  to  18  per  cent 
of  tungsten. 

Valve  steels  containing  7  to  9  per  cent  of  chromium  and  2.5  to  4  per 
cent  of  silicon  are  employed  in  the  manufacture  of  valves  used  in  internal 
combustion  engines.  The  so-called  stainless  steels  used  in  cutlery  contain 
from  12  to  14  per  cent  of  chromium  and  0,25  to  0.40  per  cent  of  carbon. 

The  addition  of  nickel  increases  the  corrosion  resistance  of  chromium  steels. 
Steels  containing  about  18  uer  cent  of  chromium  and  8  per  cent  of  nickel  are 
widely  used  in  restaurant  equipment,  automobile  parts,  chemical  equipment, 
etc,,  on  account  of  their  resistance  to  oxidation  and  chemical  corrosion. 
Rustless  irons  containing  12  to  18  per  cent  of  chromium  and  carbon  below 
0.10  uer  cent  are  more  readily  worked  than  stainless  steels  and  are  used  in 
rust-resisting  parts  requiring  considerable  fabrication. 

Hi^-chromium  steels  and  irons  are  used  chiefly  where  resistance  to 
oxidation  and  corrosion  at  high  temperatures  is  required,  such  as  in  heat- 
treating  furnaces,  annealing  furnaces,  and  roasting  furnaces.  Hi^-chrome 
alloys  containing  50  per  cent  or  more  of  nickel  are  extremely  resistant  to 
oxidation  at  high  tenroeratures. 

The  nonferrous  alloys  of  chromium,  nickel,  and- tungsten  or  chromium, 
cobalt,  and  tungsten  (with  variable  amounts  of  molybdenum  or  vanadium)  form 
highly  durable  and  wear-resisting  materials,  which  can  be  welded  onto  tools, 
excavating  machinery,  drill  bits,  etc.,  to  build  up  the  worn  parts.  They 
are  also  used  in  the  making  of  precision  and  surgical  instruments,  for 
decorative  purposes,  etc. 

Ferrochromium  is  the  principal  source  of  chromium  used  in  the  manufac¬ 
ture  of  chromium  alloys,  but  in  some  of  the  nonferrous  alloys  use  is  made 
of  metallic  chromium  produced  in  the  electric  furnace  or  by  the  thermit 
process. 


Refractories 


The  second  largest  use  of  chromite  is  in  the  manufacture  of  refractory 
materials  such  as  brick  and  cement.  Its  use  here  depends  uuon  its  chemical 
stability  and  its  neutral  character,  which  permits  its  use  as  a  parting 
between  silica  and  magnesite  bricks.  Chromite  refractories  are  very  resis¬ 
tant  to  corrosion  by  metals,  slags,  and  vapors.  They  have  a  fairly  high 
melting  point,  relatively  high  thermal  conductivity,  and  relatively  low 
electric  resistivity. 
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The  ratios  of  chromium  to  iron,  alumina,  and  silica  in  chromite  ores  are 
important  in  the  manufacture  of  refractories.  The  normal  ratio  of  Cr203  to 
iron  varies  from  2  :  1  to  3  :  1;  when  the  iron  content  increases  .in  respect 
to  the  chromium  content,  the  ore  becomes  less  usable  on  account  of  its  in- 
creased  fusibility.  The  ores  most  generally  used  in  the  manufacture  of  re¬ 
fractories  contain  from  38  to  48  per  cent  of  chromium  sesquioxide,  12  to  24 
per  cent  of  alumina,  12  to  24  per  cent  of  iron,  14  to  18  per  cent  of  magnesia, 
and  uu  to  10  per  cent  of  silica.  Most  nanufacturers  prefer  ore  containing 
4  to  5  per  cent  of  silica,  but  some  ore  containing  as  high  as  10  per  cent  of 
silica  is  used,'  Lumu  ore  is  preferred  by  manufacturers  of  chromite  bricks. 
Greece,  Cuba  and  the  Union  of  South  Africa  are  the  princiual  sources  of  re¬ 
fractory-grade  chromite. 

Most  of  the  chromite  used  as  a  refractorjr  is  manufactured  into  bricks. 
Chromite  bricks  fuse  at  1,950  to  2,050°C.;  the  melting  point  is  usually  given 
at  2,050OC.  They  have  a  snecific  gravity  of  3,9  to  4,  and  their  coefficient 
of  thermal  exuansion  is  fairly  hi.^.  Chrome  bricks  have  great  strength  at 
low  temperatures  but  are  apt  to  fail  suddenly  at  about  l,450OC.  Their  prin¬ 
cipal  comuetitor  is  magnesite  bricks  which  have  a  sli^tly  hi^ier  melting 
uoint  (2,1650C)  and  greater  resistance  to  abrasion  but  less  resistance  to 
corrosion  than  chromite  bricks.  In  recent  years  chromite  bricks  have  replaced 
magnesite  bricks  to  a  large  extent,  partly  because  of  the  increased  cost  of 
magnesite  bricks.  In  1923  it  was  estimated  that  auproximately  three  magnesite 
bricks  were  manufact’ored  for  every  chromite  brick,  but  in  1927  it  was  esti¬ 
mated  that  these  two  refractories  were  manufactured  in  about  equal  amounts, 
Altho''J^  there  is  no  exact  information  available,  it  appears  tliat  this  trend 
has  continued  since  1927. 

(Tnromite  bricks  have  fair  resistance  to  abrasion  but  are  said  to  be  ob¬ 
jectionable  for  furnace  bottoms  because  of  their  inability  to  v/ithstand  the 
severe  mechanical  erosion  encountered  there.  They  are  well  suited  for  lining 
along  the  slag  line  of  basic  onen  hearth  steel  furnaces,  in  which  a  magnesite 
refractory  bottom  and  silica  brick  sides  and  roof  are  used.  This  a;pplication 
is  based  on  the  ability  of  chromite  to  withstand  the  corrosive  action  of  slag, 
metals,  and  gas.  Magnesite  is  preferred  for  the  bottom  of  the  furnace  be¬ 
cause  of  its  greater  resistance  to  mechanical  erosion.  Chromite  bricks  were 
substituted  for  silica  bricks  in  reverberatory  furnaces  used  in  copper  refin¬ 
ing  and  showed  satisfactory  resistance  to  corrosion  and  spalling,  but  owing 
to  the  large  amount  of  metal  absorbed  by  the  chromite,  which  could  only  be 
recovered  at  considerable  expense,  this  use  was  found  to  be  uneconomical. 

Among  the  more  recent  applications  of  chromite  brick  is  its  use  as  a  lining 
for  kilns  used  for  drying  sulphite  paper  pulp.  This  application  is  based 
uuon  the  resistance  of  chromite  to  corrosion  from  the  sulplmrous  gases  liber¬ 
ated  in  the  kilns. 

Crushed  chromite  and  chromite  cements  are  also  used  as  refractory  ma¬ 
terials. 
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Chemical  Uses 


About  13  per  cent  of  the  chromite  consumed  In  the  United  States  i*  nJEin-.. 
factured  into  chemicals  for  the  electroplating,  dyeing,  tanning  and  pigment 
industries*  Ore  containing  about  47  per  cent  or  more  of  Cr2Q3  and  free  of 
sulphur  is  usually  desired  for  this  purpose.  Some  ore  of  lower  chromium 
content  enters  the  chemical  in  cstry,  but  presumably  it  is  mixed  with  hi^er- 
grade  material.  The  silica  consent  should  be  under  8  per  cent  and  preferably 
under  5  per  cent,  Elgh  silica  results  in  the  formation  of  excessive  amounts 
of  sodium  silicate  which  is  a  waste. product  in  the,  manufacture  of  some 
chromium  salts.  The  use  of  low-grade  ores  is  objectionable  because  of  in¬ 
creased  bulk  of  ore  to  be  handled,  lower  furnace  efficiencies,  and  increased 
loss  of  other  chemical  reagents  due  to  combination  with  impurities.  Fine  ore 
is  sli^tly  more  desirable  than  massive  ore  on  account  of  the  sli^t  saving 
in  crushing,  and  for  this  reason  fine  concentrates  of  chromite  are  acceptable 
to  the  chemical  industry. 

Tli.e  following  list  contains  the  principal  industrial  chromium  chemicals: 

Sodium  bichromate  (l\ia2Cr207)  and  potassium  bichromate  (K2Cr207)  are  principal 
commercial  salts  of  chromium.  They  a  re  used  in  the  manufacture  of  many 
other  chromium  salts  and  pigments,  as  a  discharge  in  bleaching  oils  and 
fats,  iu.  chrome  tannage,  as  mordants  in  the  dyeing  industry,  and  as  an 
oxidizing  agent.  Owing  to  its  lower  cost  and  greater  solubility,  sodium 
bichromate  is  more  widely  used  than  potassium  bichromate. 

Sodium  chromate  (Na2Cr04)  and  potassium  chromate  (K2Cr04).  These  salts  are 
intermediate  uroducts  in  the  manufacture  of  most  chromium  compounds. 
Sodium  chromate  results  from  the  roasting  of  a  mixture  of  chromite  ore, 
sodium  carbonate,  and  lime.  It  is  extracted  from  the  calcine  by  leach¬ 
ing  with  hot  water.  After  purification  of  this  solution  the  sodium 
chromate  may  be  recovered  b-"  crystallization  or,  by  the  addition  of 
sulphuric  acid  to  the  sol^^.tlon,  sodium  bichromate  is  formed  which  may 
be  recovered  by  crystallization.  The  chromates  are  u^ed  largely  in  the 
manufacture  of  other  cherai''als,  in  dyeing,  and  in  treating  feed  water 
for  the  prevention  of  boil.r  scale. 

Chromic  anhydride  (Cr03)  is  sometimes  referred  to  as  chromic  acid.  It  is  the 
principal  constituent  of  chromi'um  electroplating  baths  and  a  powerful 
oxidizing  agent. 

Chromium  sesquioxide  (Cr203),  This  compound  is  the  only  commercial  ore  of 
chromite  but  is  rarely  found  sufficiently  pure  for  chemical  -uses.  The 
pure  oxide  can  be  prepared  by  reducing  a  bichromate  with  sulphur  or 
starch.  It  is  used  in  the  manufacture  of  chromium  metal  and  as  a  pig¬ 
ment  , 

Chromium  sulphate  (Cr2(S04)3)  is  an  excellent  mordant  and  is  sometimes  used 
in  electroplating  baths.  Basic  chromium  sulplaate  is  used  in  the  tanning 
industry. 
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Chromi-um  acetate  (Cr(C^H202)  SHgO)  is  nsed  mainly  as  a  mordant  and  as  a 
dye  for  olive  Idialci  shades.  It  is  marketed  as  a  heavy  solution  con¬ 
taining  about  1C  per  cent  of  Cr203. 

Chromium  chloride  (CrCl3)  used  as  a  mordant  in  calico  printing  and  to 
a  limited  extent  in  the  tanning  industry. 

Chromium  alum  (Cr2(S04)5,K2SC)4.24H20)  is  usimlly  obtained  as  a  by-product  in 
operations  rhere  a  mixture  of  potassium  bichromate  and  sulphuric  acid 
acts  as  an  oxidizing  agent.  It  is  used  as  a  mordant  in  the  dye  industry. 

The  following  list  contains  the  urincipal  chrome  pigments: 

^nrome  yellot^s  are  compounds  of  lead  with  chromic  acid,  which  range  in 
'olor  from  deep  orange  to  light  yellow.  "Chrome  yellow  medium"  is  a  pure 
lead  cnroinate,  while  the  lighter  shades  are  mixtures  of  lead  chromate  and 
lead  sulphate  or  other  insoluble  lead  salts.  The  orange  shades  are  made  of 
basic  lead  chromate.  Chrome  yellows  have  brilliant  color,  good  color 
strength,  and  good  hiding  power  but  are  only  fairly  durable  and  turn  black 
in  contact  with  sulphur. 

Zinc  chromate  and  barium  chromate  are  of  light  yellow  color  but  have  a 
limited  use  due  to  their  hi^  c^st  and  low  hiding  power  and  color  strength. 

Zinc  chromate  is  soluble  in  water  and  cau  only  be  used  in  interior  paints. 

Clirome  greens  are  mixture  of  Prussian  blue  and  chrome  yellow  in  various 
proportions  according  to  tone.  They  have  great  hiding  power  and  good  color 
strength  but  are  not  very  durable. 

Chrome  oxide  green  is  made  of  chromic  oxide  (Cr203).  It  is  a  rather  ex¬ 
pensive,  permanent,  dull  color  of  satisfactory  hiding  power.  A  carefully  made 
product  of  the  best  grade  is  loiown  as  "Guignets  green"  or  "viridian," 

Zinc  green  is  a  mixture  of  zinc  chromate  and  Prussian  blue.  It  has  a 
brilliant  color  and  is  uerraanent  to  light  but  not  permanent  to  water  and 
alkali. 

Chrome  red  (American  vermillion)  is  a  basic  chromate  of  lead.  It  is  a 
brilliant  scarlet,  coarsely  crystalline  powder,  with  good  hiding  power  and 
color  strength.  As  a  protective  pignent  in  paints  for  iron  and  steel  it 
equals  or  excels  red  lead.  Its  use  is  limited  because  of  its  high  price, 

I- 

.  Chrome  Plating 

The  chromium  plating  industry  has  developed  very  rapidly  in  the  last  few 
years,  owing  to  three  urincipal  characteristics  of  chromium  plate.  First, 
and  perhaps  the  most  important,  is  the  brilliant  lustre  of  chromium  and  the  ^ 

■readiness  with  which  it  is  brightly  polished;  second,  the  resistance  of  ^ 

chromium  to  corrosion;  and  third,  its  hardness  and  resistance  to  abrasion  by 
sliding  or  rubbing  wear.  The  brilliant  lustre'  of  chromium  has  led  to  its  use 
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for  many  ornamental  TTurnoses  such -as  decorative  parts  on  automobiles,  decor¬ 
ative  parts  of  buildings,  and  household  articles,  such  as  trays,  cutlery, 
mirror  frames,  plumbing  fixtures,  etc.  The  resistance  of  chromium  plating 
to  corrosion  has  extended  its  use  into  cooking  utensils  and  other  kitchen 
equipment,  oil-crackirig  pAants,  sulphite  paper  pulp  mills,  and  other  indus¬ 
tries  where  corrosive,  gases  and  high  temperatures  are  encountered.  In  this 
field  of  application,  chromi'um  plate  meets  competition  from  chromium  steels 
and  chromium  nickel  steels. 


The  hardness  of  chromium  has  led  to  its  use  in  plating  and  engraving 
plates,  dyes,  precision  instruments,  etc.  Chromium  plating  is  especially 
valuable  on  tapes,  linear  scales,  verniers,  micrometers,  etc,,  due  to  its 
hardness,  which  protects  the  etched  markings,  and  to  the  fact  that  when  worn 
the  plate  can  be  removed  and  a  new  one  deposited  without  obliterating  the 
original  markings.  Owing  to  its  hardness  and  its  ability  to  take  a  high 
polish,  chromium  plating,  is  employed-  in  certain  types  of  rolls  used  in  crush¬ 
ing  soft  materials.  Chromium-plated  cutting  tools  are .suoerior  to  ordinary 
steel  tools  for  cutting  slate,  asbestos  board,  etc.  Chromium  plated  saws, 
chisels,  lathe  tools,  gears,  etc,  have  been  used  successfully. 


During  the  early  stages  of  the  industry,  a  large  volume  of  inferior 
chromium-plated  goods  was  placed  on  the  market,  the  performance  of  which  was 
so  poor  as  to  create  public  prejudice.  However,  constant  improvement-  in 
technology  has  resulted  in  a  much  better  product  and  uub.lic  confidence  is 
steadily  being  restored.  At  present  there  is  a  tendency  to  substitute 
chrome-nickel  stainless  steels  for  chromium-plated  articles,  but  the  ultimate 
outcome  of  this  tendency  is  not  yet  manifested.  . 


Recent  papers  by  Schneidewind§/,  Haring  and  Barrows^,  and  Farber^^, 
give  details  of  chromi-'jm-plating  technology. 


MARKETING  CHROMITE 


Trade  Requirements 

The  requirements  of  the  various  industries  using  chromite  have  been  dis¬ 
cussed  in  detail  under  uses  of  chromite.  They  are  briefly  summarized  as  • 
follows 

^  Schneidewind,  Richard,  A  Study  of  .Chromium  Plating:  Eng,  Research  Bull. 

10,  Univ.  of  Michi^n,  Ann  Arbor,  Mich,,  1928,  Price  $1, 

^  Har  ing,  H.  E. ,  and  Barrows,  W.  P, ,  Electrodeposition  of  Chromium  from 
Chromic-Acid  Baths:  Tech.  Pauer  346,  Bureau  of  Standards,  Dept,  of  Com¬ 
merce,  Washington,  D.  C.,  1927,  39  up. 
lO/  Earber.  H,  S.  The  Throwing  Power  on  Chromium  Plating:  Metal  Ind. ,  vol, 
28,  No.  3,  March,  1930,  pages  124-125, 

11/ Engineering  and  Mining  Journal,  Marketing  of  Clirome  Ore:  vol.  125,  No. 

12,  Mar.  24,  1928,  p.  501. 
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Most  buyers  of  chrome  ore  are  satisfied  if  the  chrome  and  iron 
contents  are  stated,  though  sometimes  the  percentages  of  silica  or 
alnmina  are  also  desired.  Buj’-ers  for  the  steel  or  ferro-alloy  in¬ 
dustries  usually  desire  an  ore  containing  not  less  than  45  per  cent 
of  chromic  oxide  and  an  iron  content  not  exceeding  one-quarter  of 
the  corahined  iron  and  chromic  oxide,  i’or  instance,  if  the  chromic 
oxide  content  is  45  per  cent,  the  iron  must  not  exceed  15  per  cent. 
The  chemical  trade  requires  the  chromic  acid  content  to  he  50  per 
cent  or  better,  hut  is  not  so  particular  about  the  iron  content, 
and  the  limit  already  given  might  he  exceeded  by  1  or  2  per  cent. 
Manufacturers  of  refractories  demand  lew  silica,  generally  below  5 
to  8  per  cent. 

Ore  of  low  chromic  acid  content  is  acceptable  to  the  ceramic 
and  brick  industry,  though,  of  course,  it  does  not  command  so  high 
a  price.  As  low  as  38  per  cent  of  chromic  aci  is  quite  commonly 
accepted,  and  business  has  been  done  in  even  lower  grades  when  the 
shipping  facilities  from  mine  to  consumer  were  particularly  ad¬ 
vantageous,  so  that  an  unusually  low  price  could  be  quoted. 

No  recognized  standard  exists  for  T)remiums  and  penalties.  In 
sales  to  the  steel  and  chemical  trades  it  is  customary  to  quote  a 
price  per  ton  based  on  a  definite  percentage  of  chromic  oxide  - 
say,  20  dollars  for  50  per  cent  material  with  an  allowance  of  40 
cents  for  each  unit  above  or  below  this  analysis.  The  brick  and  re¬ 
fractory  trades,  however,  buy  ordinarily  as  is,  with  a  guaranteed 
minimum  content  of  chromic  acid  and  with  no  premium  for  a  better 
quality  than  is  specified. 

Prices 


The  price  of  chromite  varies  accordii.g  to  its  content  of  chromium 
sesquioxide,  as  is  illustrated  by  the  following  quotations  taken  from  Metal 
and  Mineral  Markets  of  December  4,  1930:  Indian,  Rhodesian,  and  Russian 
ore  containing  46  to  48  per  cent  of  Cr202,  $19,50  per  long  ton,  f.o.b, 
Atlantic  ports;  and  Rhodesian  and  New  Caledonian  ore  containing  50  to  51  per 
cent  of  Cr203,  $24.  The  former  was  at  the  rate  of  42  cents  per  unit  of 
CrsOs  and  the  latter  was  47-1/2  cents. 

The  following  table  gives  the  approximate  average  prices  per  long  ton  of 
high-grade  ore  in  the  United  States  from  1914  to  1930: 


(' 

t 
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Approximate  average  price  of  chromite  in  the  United  States, 

f.o.'n.  Atlo-ntic  ports 


Year 

Average  price 
per  long  ton 

Year 

Average  price 
per  long  ton 

1914 

— 

to 

1 

l 

1923 

$19.00 

1915 

11.20  1 

1924 

21.35 

191'5 

15.44 

1925 

21.95 

1917 

24.00 

1926 

22.46 

1918 

44.99 

1927 

22.88 

1919 

17.25 

1928 

If  23.00 

1920 

17.93 

1929 

1/  22.00 

1921 

10.28 

1950 

1/  21.50 

1922 

22.53 

1./  Quotations  vary  by  different  grax 

es  of  ore  anc 

.  by  periods,  making  average 

price  determinations  very  difficult  to  obtain.  The  1929  prices  range 
from  $21.50  to  $25,  while  those  of  1930  range  from  $19.50  to  $24, 

The  following  table  shows  the  average  London  quotations  per  long  ton 
for  various  grades  of  ores,  from  1926  to  1930; 


Average  London  prices  for  chromite  per  long  ton,  1926  to  1950, 

c.i.f.  British  ports 


Type  of  ore 

^^2^3 

content, 

per  cent 

Q,uotations  per  long  ton 

1926 

1927 

1928  i/ 

1929  ^ 

1930  i/ 

Rhodesian  low-grade 

45  to  47 

$20.70 

— 

$21.27 

— 

$20.41 

$21.79 

$20.00 

Indian  medium-grade 

47  to  48 

21.44 

22.03 

21.65 

22.60 

20.00 

Rhodesian  and  Indian 

hi^-grade 

48  to  52 

22.30 

22.36 

22.90 

23.90 

24.00 

New  Caledonian  high- 

grade 

50 

25.00 

25.00 

25.00 

25.00 

25.00 

l/  Estimated, 


DOMESTIC  TARIFFS 

Chromite  ore  was  subject  to  a  duty  of  15  per  cent  from  1883  until  1894, 
when  it  was  put  on  a  free  list,  where  it  has  remained  under  succeeding  tariff 
laws.  Although  under  the  tariff  act  of  1922,  chromite  or  chromite  ores  were 
free  of  duty,  under  -paragraph  72  of  the  same  act,  "chrome  yellows,  chrome 
greens,  and  other  colors  containing  chrome  in  pulp,  dry  or  ground  in  or 
mixed  with  oil  or  water,*'  were  subject  to  a  duty  of  25  per  cent-um  ad  valorem. 
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The  tariff  act  of  1930i^  does  not  change  the  duty  on  pigments  or  ores, 
hut  places  a  duty  of  2-l/4  cents  per  uound  on  potassi'vim  chromates  and 
bichromates ,  and  1-3/4  cents  ner  pound  on  sodium  hichroinates  and  chromates. 

The  duty  on  ferrochrora5.uin  containing  3  per  cent  or  moi’e  of  carbon  amounts  to 
2-I/2  cents  per  pound  of  chromium  content;  on  f orrochrominm  containing  less 
than  3  per  cent  of  carbon  and  on  cnroiniUia  metal  the  duty  is  50  per  cent  ad 
valorem  (par.  302  (k)).  According  to  }oaragraph  305,  page  25  of  the  act,  an 
additional  ad  valorem  duty  of  8  ]jer  cent  is  charged  on  iron  and  steel  products 
(described  in  pars,  303,  304,  30?,  503,  312,  313,  315-319,  322-324,  327,  and 
328)  which  contain  in  excess  of  two-tenths  of  1  per  cent  of  chrominm, 

\70HLD  TEADE  III  1928 

In  reviewing  the  figures  for  the  flow  of  chromite  in  1928,  it  is  evident 
that  the  six  main  producing  countries  consume  little  chromite  and  that  the 
main  consuming  couatries,  excepting  Hassia,  produce  only  negligible  amounts. 
These  facts  illustrate  how  an  important  manufacturing  industry  may  depend 
largely  upon  imported  raw  materials. 

The  production  of  chromite  in  1928  amounted  to  about  450,400  tons,  of 
which  nearly  87  per  cent  iras  produced  by  Rhodesia,  New  Caledonia,  British 
India,  Cuba,  the  Union  of  South  Africa  and  Russia.  The  world  total  exports 
arao\inted  to  about  364,000  long  tons,  89  per  cent  of  which  was  exported  by 
the  above  countries.  The  total  imports  amounted  to  around  350,000  tons,  of 
which  the  United  States,  Germany,  Sweden,  the  United  Kingdom,  Norway,  and 
France  took  95  per  cent.  These  same  countries  accounted  for  ever  84  per 
cent  of  the  total  world  consnmption  of  chromite  during  the  year.  Russia, 
Yugoslavia,  and  Japan  were  the  only  large  consuming  nations  which  were  able 
to  produce  sufficient  chromite  to  meet  their  needs.  Table  1  shows  the 
amount  of  chromite  produced,  e^morted,  imported,  and  consumed  by  the  prin¬ 
cipal  countries  in  1S28,  in  long  tons. 


12/  The  Tariff  Act  of  1930:  Doc'oment  No.  193,  71st  Cong.,  2nd  Sess., 
Washington,  D.  C.,  pars.  70,  78,  and  81,  pp,  12-13. 
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Figure  1.- Location  of  world  chromite  deposits;  and  principal  relative  production,  exports,  imports,  and  consumption,  1928 


:  |ft  U 

S'.:  ♦*•  'JJ?  " " 


O  ■  * ^%'-- Z ''-'* X  -W,  »ii*5i 

.  ui|i<? ;-••  ►  >■  ‘.  y.  .., ■.  .-  •  'i  *“ 

*  f  :  '  ^  ^  *'  3fi  iC 

*  ..-r'  ^  **-^<  «  v»5^*  ’ 

^  ‘  '^  i!(  -  il  I 


.-.’5 


►'•>  ><^  bp  \  P*»J»  *•5^'  '  -jr^^, 

-.itu,|flffls».  Xx'^ih  olf  »*j';iU,fr*t'4bJ»K  y  >  &■■ 

’.  j  S'f*3‘  o  ‘*>'•‘*^■"5^  ‘  Ji 

i 

§  -,  ■41  i.^  /V  1??' 

,T..<  aiJtlilJ  «  ^ 


Jk'i^ ‘•^  .^ves»€£f  ■  ^syll 


i-  IKilV 


C-  ^‘--tC 

4»5.  Jc^jc3^tcl»=  li: 


I.C.  6556 


Table  1.  -  CSiromite  produced,  exported^  im'oorted,  and  cons'jmed 
by  the  prlncirg,!  cp-untries  in  1938 


Production 

Exports 

!  Imrprts 

lApperent  consomution 

•  Per 

'Per 

jPer 

1. 

Per 

Country 

Long 

j  cent 

Long  Icent 

Long 

icent 

Long  . 

cent 

tons 

1  of 

tons  |of 

tons 

|Of 

tonsi/ 

of 

total 

!total 

I 

itotal 

total 

Southern 

195,900 

43.5 

- r* 

1 

162,300  i  44.1 

Rhodesia  ... 

i 

i 

1 

New  Caledonia 

56,000 

12.4 

56,000  1  15.2 

MM 

M  — 

India . . 

45.400 

10-1 

46  r?00  i 

200 

0.1 

Cuba . . . 

33. 700 

7.  5 

33  700  i  9-? 

Union  of 

1 

'South  Africa 

31,300 

6.9 

23,400  !  7.3 

MM 

Russia  ...... 

29.000 

6  4 

3  000  0  8 

PA  nno 

A  6 

Greece  . 

20,600 

4.6 

19,800  !  5.4 

-  - 

800 

0.2 

Yugoslavia  , . 

16,400 

3.6 

9,100  1  2.5 

— — 

MM 

7,300 

1.8 

Turkey  . 

11,700 

2.6 

11,700  3.2 

MM 

MM 

MM 

Australia  . . . 

— 

— 

(2/)  :  (g/) 

- - 

__ 

JctOCtn  *•••••• 

9,700 

2.2 

—  I - 

(s/) 

(3/) 

9,800 

2.5 

United  States 

700 

0.2 

1  — ^ 

216,600 

61.9 

217,300 

55.0 

Brazil  . 

— 

(§/)  I  (3/) 

—  M 

MM 

M— 

— 

Germany  . 

— 

— 

45.  800 

13.1 

45,  800 

11.6 

Sweden  . . 

1 

27,600 

7.9 

27,600 

7.0 

United  Zing- 

i  1 

dom . 

P?  400 

A 

P?  400 

5-  7 

ITorway . 

— «  1  — 

12,400 

Z.5 

12,400 

3.1 

France . 

— 

— 

1 

4/8,000 

2.3 

4/8.000 

2.0 

Czechoslovakia 

— 

_ 1 _ 

2.400 

0.7, 

2,400 

0.6 

Other 

1  i 

co^antries  .. 

— 

: 

!  I 

i 

i/l5.200 

4.3 

^15,000, 

1 

3.8 

450.400 

I 

100.0  ■' 

i 

!  ! 

364,300  jlOO.O  i 

1  2 

350,400  jlOO.O 

395.000 

100.0 

ij  Producers  and  consumers  stocks  not  taken  into  account. 

2/  A  few  hundred  tons  of  exuorts  from  Brazil  and  Australia  is  unaccounted  for. 
3/  A  fevr  hundred  tons  imported  into  Japan  is  included  in  the  estimate  for 
"Other  countries." 

^  Estinated. 


Figure  1  shows  the  location  of  world  chromite  deposits,  and  the  relative 
production,  exports,  imports,  and  consumption  of  the  principal  producing 
and  consuming  countries  during  1928, 
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WORLD  PRODUCT I on 

The  first  mining  of  chroraito  is  said  to  have  occurred  as  early  as  1820 
at  the  Roros  deposit  in  Norway,  hut  the  first  well-estahlished  output  came 
from  the  Reed  Mine,  in  Maryland,  about  1827.  Thereafter  the  United  States 
led  the  world  in  chroinito  production  until  1860  when  Turkey  took  the  lead. 
Russia  in  turn  became  the  chief  producer  from  1897  to  1902,  inclusive.  Prom 
1903  to  1909,  New  Caledonia  held  first  place,  but-  alternated  with  Southern 
Rhodesia  from  1910  to  1917,  inclusive.  In  1918,  1919,  and  1920-1921,  the 
United  States,  India,  and  New  Caledonia  led,  respectively.  In  1922  Southern 
Rhodesia  assumed  first  place  and  has  since  continued  to  be  the  world's 
largest  producer  by  a  large  margin.  Pigure  2  illustrates  the  world  produc¬ 
tion  of  chromite  from  1890  to  1929,  inclusive. 

Pigure  3  shows  the  production  of  chromite  from  1890  to  1929^  inclusive, 
by  the  principal  producing  coiuitries,  in  long  tons. 

Table  2  gives  the  production  of  chromite  by  countries  for  1920  to  1929, 
inclusive,  in  long  tons. 
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Figure  2.-World  production  of  chromite,  1890-1929 


Figure  3.- Production  of  chromite  in  principal  producing  countries,  1890-1929 
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Tlie  total  world  production  for  the  103  years,  1827  to  1929,  inclusive, 
is  estimated  at  about  7,100,000  long  tons,  distributed  as  follows: 


World  production  of  chromite,  1827  to  1929,  inclusive,  by  countries 


Country 

1 

1 

Production, 
long  tons 

Per  cent 
of  total 

Southern  Rhodesia  .... 

j 

1 

1,912,000 

26.9 

New  Caledonia  . 

1,346,000 

19.0 

Turkey . 

832,000 

11.7 

Russia  . 

650,000 

9.2 

India  . 

1 

616,000 

8.7 

United  States  . 

.  i 

478, 000 

6.7 

Greece  . 

1 

336,000 

4.7 

Cuba . 

1 

213,000 

3.0 

Canada  . 

175,000 

2.5 

Union  of  South  Africa 

.  1 

139,000 

2.0 

Japan  . 

112,000 

1.6 

Others  . . 

i 

i 

282.000 

4.0 

Total 

- 1 - 

1 

i 

7,091,000 

100.0 

ij  Figures  are  subject 

to  revision  at  a 

later  date. 

WOHLD  RESOURCES 

The  world  deposits  of  chromite  were  described  in  detail  by  Burchard  and 
others  in  the  1918  volume  of  Mineral  Resources  of  the  United  States  .  The 
following  discussion  gives  a  brief  summary  of  the  deposits  in  the  United 
States  and  the  principal  producing  countries. 

United  States 

United  States  production  of  chromite  from  1827  to  1929,  inclusive,  was 
478,000  long  tons,  or  6,7  per  cent  of  the  world  total. 

Although  chromite  in  the  Maryland- Pennsylvania  district  was  discovered 
about  1810, mining  did  not  begin  until  1827.  rurin.g  the  neriod  from  1827 
to  1860,  this  district  led  the  world  in  production.  It  has  been  estimated 
that  about  250,000  tons  of  otqIA!  averaging  about  40  to  63  per  cent  CrpOs, 
was  shipped  from  the  Mary land- Pennsylvania  district  prior  to  1882.  In  1827 
the  Tyson  Mining  Go.,  through  Isaac  Tyson,  began  operations  at  the  Reed  mine, 
in  the  Soldier's  Delight  district,  near  Jarrottsville,  Md,  This  ore  was 
first  used  in  the  manufacture  of  yellow  and  green  pannts  used  for  decorating 
carriages  and  furniture  in  Baltimore.  Later  a  considerable  amount  was 

13 /  Baltimore  Medical  Fnilosophical  Lyceum:  Vol.  1,  July  12,  1911,  pp,  255-271, 
1^/  Porness,  J.  W. ,  Chromite:  Mineral  Resources  of  the  United  States,  1925, 
Bureau  of  Mines,  Pt.  I,  p,  141, 
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Figure  4.-Chromite  deposits  of  the  United  States 
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exported  to  Great  Britain  and  other  European  countries  for  the  manufacture 
of  pigments  and  chemicals,  hut  when  the  larger -and  more  lucrative  Turkish 
deposits  were  developed,  the  foreign  market  for  Maryland  ores  was  lost  and 
chromite  raining  in  the  United  States  declined,  From  1870  to  1880  the  yearly 
production  decreased,  hut  recuperated  slightly  with  the  discovery  and  devel¬ 
opment  of  chromite  in  California  around  1880,  culminating  in  a  production  of 
3,680  tons  in  1894.  Erom  1900  to  1914  the  annual  average  output  was  about 
265  long  tons,  though  imuorts  steadily  increased.  The  scarcity  of  shipping 
facilities  during  the  World  War  caused  the  United  States  to  turn  to  the  de¬ 
posits  of  Canada,  Cuba,  Brazil,  Central  America,  and  other  countries  of  the 
Western  Hemisphere  for  its  suuply  of  chromite.  As  these  countries  proved  un¬ 
able  to  sunply  requirements,  an  urgent  demand  arose  for  increased  production 
from  domestic  denosits.  The  result  was  a  production  of  185,065  long  tons  of 
chromite  in  the  United  States  from  1914  to  1919,  inclusive,  a  peak  production 
of  83,753  long  tons  being  made  in  1918.  Most  of  this  chromite  was  obtained 
from  California  and  Oregon.  Termination  of  the  World  War  left  United  States 
|)roducers  with  a  large  stock  of  high-cost  chromite  for  which  there  was  little 
demand. 

In  1918  there  were  450  shinners,  distributed  as  follows:  California, 
374;  Oregon,  60;  Horth  Carolina,  5;  Montana,  3;  Pennsylvania-Maryland,  3; 
Alaska,  3;  Georgia,  1;  Wyoming,  1;  and  Washington,  1,  In  1919  and  1920  some 
chromite  from  stocks  on  hand  at  the  end  of  1918  was  shipped  from  domestic 
mines. 


As  production  during  the  war  had  been  requested  by  the  Government,  a 
considerable  sum  was  disbursed  by  a  War  Minerals  Relief  Commission  in  com¬ 
pensation  for  loss  incurred  by  chromite  producers.  Since  1920,  however,  the 
yearly  output  of  the  United  States  has  averaged  about  230  tons  and  has  never 
exceeded  660  tons. 

Brief  descriutiors  of  the  more  important  chromite  areas  of  the  United 
States,  shown  on  the  accompanying  map  (fig.  4),  may  be  of  interest. 

Alaska 

The  total  chromite  reserves  of  Alaska,  in  49  known  deposits,  have  been 
estimated  at  about  227,900  short  tons.  The  two  most  imuortant  deposits  are 
located  in  the  ICenai  Peninsula,  In  1917  mineral  was  extracted  in  the  south¬ 
west  end  of  the  ueninsula  where  ore  bodies  occur  at  tidewater  and  are  reported 
to  have  reserves  capable  of  yielding  33,000  tons  of  concentrates  running 
from  40  to  45  per  cent  of  Cr203,  At  Red  Mountain,  15  miles  northeast  of  the 
Kenai  deposits,  low-grade  ores  averaging  between  30  and  40  per  cent  are 
found,  but  little  development  work  has  been  done  thus  far.  It  is  believed 
that  the  deposits  are  unprofitable  under  normal  market  conditions,. 

California 

Chromite  is  widely  distributed  in  the  serpentine  areas  of  the  Sierra 
Nevada  foothills.  Coast  Range,  and  Klamath  Mountains,  but  most  of  the 
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deposits  can  not  "be  mined  profitably  under  normal  market  conditionc.  IXxring 
the  war  there  tras  considerable  chromite  mined,  btit  ^rith  the  collanse  of  the 
market  after  the  ^ar,  production  fell  off  to  an  insi^ificant  amount.  The 
total  production  to  date  has  been  about  290,000  long  tons.  Known  reserves 
in  1S25  were  estimated  at  220,0(XD  tens  which  included  about  55,000  tons  of 
ore  left  in  stocl-"s  at  the  end  of  the  war.  Deposits  in  the  various  countj.es 
’."ere  described  in  the  19iG  volume  of  Mineral  Resources  of  the  United  States. 

Georgia 

The  deposits  at  Louise,  Troup  County,  have  attracted  cons  id  ere.ble  atten¬ 
tion  of  late,  but  the  reserves  and  grade  of  the  material  have  not  been 
ascertained. 

Montana 

A  large  chromiferous  serpentine  belt,  one-half  to  three-quarters  of  a 
mile  wide  and  30  miles  long,  has  been  reported  in  Sweet  Grass  and  Stillwater 
Coiintiej.  The  reserve  of  concentrating  material!^'  has  been  rou^ly  esti¬ 
mated  at  200,000  tons  containing  less  than  40  per  cent  of  Cr203,  but  recent 
concentrating  tests  aunarently  failed  to  produce  a  marketable  product  under 
present  specifications.  The  total  reserve^^  for  Montana  has  been  estimated 
at  400,000  to  500,000  tons.  Only  the  west  and  east  ends  of  the  area  have 
been  developed,  and  it  is  believed  by  some  that  the  central  section  warrants 
further  prospecting. 


Oregon 

Two  large  ser’oentine  areas  containing  chromite  deposits  have  been  found 
in  Oregon,  one  in  soutl^western  Oregon  in  Jackcon,  Josephine,  Do’uglas,  Curry, 
and  Coos  Counties,  and  the  other  in  eastern  Oregon  along  the  flanks  of  the 
Blue  Mountains  in  Grant,  f/heeler,  Baker,  and  Malheur  Counties,  The  reserves 
in  1925  were  estimated  at  62,000  tons  which  included  6,000  tons  of  ore  in 
stocks.  The  total  production  to  date  has  been  about  36,500  long  tons  aver¬ 
aging  40  per  cent  of  CrsOg, 

Peniisyl-vania-Maryland 

A  belt  of  chromite-bearing  serpentines,  oxtending  from  south  of  Baltimore, 
Md. ,  into  southwestern  Chester  County,  Pa.,  was  first  exploited  by  Isaac 
Tyson  in  1827.  Operations  continued  until  1882,  the  total  output  being  about 
250,000  tons  of  ore  containing  from  40  to  63  per  cent  of  Cr203.  Nearly  80 
per  cent  of  this  production  came  from  the  Wood  Pit  mine,  in  Lanc-aster  County, 
?a, ,  and  the  Reed  mine,  near  Cooptewn,  Md. ,  the  former  contributing  aro’und 
35,000  tons  and  the  latter  over  100,000  tons.  The  remaining  outpiit  was  ob¬ 
tained  from  a  number  of  smaller  mines  and  sand  concentrates  made  by  streams 


IpJ  Diller,  J.  S.,  Chroraite:  U.  3.  Geol.  Survey,  Mineral  Resources  of  the 
United  States,  1918,  Pt.  I,  p.  622. 

16/  P'.imess,  J,  W,,  Work  cited,  p,  140, 


10254 


-  20  - 


LEGEND 


Norite  dike 
•  Serpentine  niass 
■*->-  Railroad 
~  Proposed  railroad 


50 


0 


50 


too 


Scaie  in  miles 


Figure  5.-Chromite  deposits  of  Southern  Rhodesia 
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crossing  the  chromif erous  area.  Production  from  1881  to  1913  was  of  minor 
importauce,  and  only  1,200  tons  was  produced  from  1914  to  1929.  The  known 
reserves  are  small,  Geopliysical  prospecting  methods  have  recently  "been 
tried  in  the  field  and  drilling  is  now  in  progress. 


Washington 


The  deposits  of  chromite  in  Washington  are  located  on  Cypress  Island, 
Skagit  County,  near  Mount  Hawkins,  Kittitas  Co'onty,  and  Okanogan  County. 
The  production  to  date  has  amounted  to  200  tons  and  the  reserve  is  said  to 
he  about  2,500  tons  of  concentrates  running  40  per  cent  of  CrgOg. 


Wyoming 


Wyoming  has  one  known  deposit,  in  Converse  County,  which  has  produced 
1,080  tons  of  ore  averaging  around  40  per  cent  of  Cr203.  The  reserves  are 
estimated  at  less  than  2,500  tons  of  ore  of  about  the  same  grade. 


Southern  Rhodesia 


Southern  Rhodesia  is  the  world’s  largest  producer  of  chromite,  supplying 
nearly  44  per  cent  of  the  world  output  in  1929.  Production  in  1929  amounted 
to  261,710  long  tons,  corauared  with  195,916  long  tons  in  1928,  Of  the  1928 
production,  the  Gwelo  district  produced  79  per  cent;  the  Lomagundi  district, 
16  per  cent;  tnd  the  Victoria  district,  5  per  cent;  the  Hartley  district  pro¬ 
duced  a  small  quantity.  The  total  production  of  Southern  Rhodesia  from  1906 
to  1929,  inclusive,  was  about  1,912,000  long  tons.  This  production  has  come 
largely  from  deposits  of  high-grade  ore  which  occur  in  irregular,  more  or 
less  leiis-shaped  bodies  in  the  pre-Archean  crystalline  schists  at  Selukwe 
and  teshaba.  The  deposits  of  the  Great  Eylce,  a  formation  of  basic  and  ultra- 
basic  rocks  averaging  4  miles  in  width,  and  traversing  the  central  part  of 
the  country  in  a  north-northeast  and  south- southwest  direction  for  530  miles, 
are  made  uu  of  regular  thin  seams.  The  accompanying  map  (fig.  5)  shows  the 
location  of  the  ■orincipal  distrifits. 

The  Victoria  district  is  the  southernmost  o-  the  chrome-producing  areas. 
The  principal  deposits  are  at  Mashaba,  20  miles  east  of  Fort  Victoria  and 
several  miles  east  of  the  Great  Dyke.  Lade  of  cheap  transportation  has 
handicapned  the  development  of  this  district,  but  in  1929  a  railway  extension 
from  Victoria  was  completed. 

The  principal  deposit  of  the  Gwelo  district,  which  lies  northwest  of  the 
Victoria  district,  is  at  Selukwe.  Tiiis  deposit  has  been  producing  steadily 
since  1906  and  has  supplied  a  large  part  of  the  Rhodesian  output.  The  ore 
occurs  in  lenses  in  talc  schist,  chlorite  schist,  and  serpentines  in  the 
older  pre-Archean  rocks  near  the  Great  Dyke.  Most  of  the  lenses  being  ex¬ 
ploited  ra  ^  ^  .  .  length.  The  following  is  said  to  be 


a  typical 


17/  Furness,  J.  W.,  Chromite:  Mineral  Resources  of  the  United  States,  1927, 
Bureau  of  Mines,  Ft,  I,  p.  319, 


10254 


-  21  - 


I.C.  6566 


CrgOs,  51.10  per  cent;  FeO,  11,40  per  cent;  FesOs,  1,40  per  cent;  MnO, 

0.50  per  cent;  ^1203,  15.20  per  cent;  MgO,  12.70  per  cent;  CaO,  0.90  per 
cent;  P2O5,  0.50  per  cent;  S,  trace;  Si02,  4.80  per  cent;  H2O,  etc. 

1.97  per  cent. 

,  Another  important  producer  of  the  Gwelo  district  is  the  Lalapanzi  area, 
located  about  30  miles  northeast  of  Selukwe.  The  chromite  here  occurs  in 
three  continuous  seams  paralleling  the  Great  Dyke.  The  seams  dip  at  an 
angle  of  25°  and  are  from  2  to  9  inches  wide.  The  grade  of  the  ore  ranges 
from  48  to  over  50  per  cent  of  CrgC^,  The  Gwelo  district  has  adequate  rail 
transportation  to  the  port  of  Biera,  Portuguese  East  Africa, 

The  Hartley  district  which  lies  about  80  miles  north  of  Lalapanzi,  has- 
been  a  relc^tively  unimportant  producer  but  is  believed  to  contain  large  re¬ 
serves.  In  1929  three  scams  were  discovered  which  appeared  to  be  continua¬ 
tions  of  the  lalapanzi  and  Umvukwe  seams  on  the  south  and  north,  respectively. 

The  seams  dip  10°  on  both  sides  of  the  dyke,  forming  a  trough.  Two  of  these 
seams  average  8^  inches  in  width  over  a  large  area.  The  reserves  as  developed 
over  a  length  of  about  43  miles  and  an  average  inclined  depth  of  100  feet, 
were  estimated  at  about  3,000,000  tons  averaging  49,3  per  cent  of  Cr203.  The 
ore  is  transported  43^  miles  to  Hartley  station  by  trucks  and  wagons,  but  a 
narrow-gage  railroad  to  improve  transportation  facilities  has  been  proposed. 

It  was  estimated  that  the  cost  of  delivering  ore,  c.i.f.  European  and  United 
States  ports,  would  range  between  $18  and  $19, 

Tlie  Lomagundi-Mazoe  district,  which  lies  north  of  the  Hartley  area,  is 
the  second  largest  producer  of  chromite  in  Rhodesia,  Several  chromite  seams 
have  been  found  in  the  Dyke,  which  extend  almost  continuously  from  Darwendale, 
to  the  vicinity  of  the  farm  Gurungwe,  a  distance  of  approximately  70  miles. 

The  continuity  of  the  deposit  apparently  is  broken  near  Gurungwe,  but  ore 
occurs  again  further  north  and  is  said  to  be  plentiful  and  of  high  quality. 

Owing  to  lade  of  rail  transportation,  production  in  this  district  has  been 
confined  largely  to  the  area  immediately  north  of  Darwendale  where  the  rail¬ 
road  crosses  the  Great  Dyke,  Recently  depositsl^/  at  Umvukwe,  several  miles 
north  of  Darwendale,  have  been  developed  and  appear  to  contain  large  quan¬ 
tities  of  high-grade  chromite.  Early  in  1930  the  construction  of  a  branch 
railway  from  a  point  near  Darwendale  northward  alcng  the  west  side  of  the 
Dyke  was  reported.  The  completion  of  this  railroad  is  expected  to  result 
in  a  greatly  increased  production  in  the  Lomagundi  district. 

Lack  of  data  makes  it  impossible  to  appraise  numerically  the  reserves 
of  chromite  of  Southern  Rhodesia,  but  it  can  safely  be  stated  that  the  de¬ 
posits  now  developed  along  the  Great  Dyke,  are  capable  of  producing  several 
million  tons  of  hi^-grade  ore. 

18/  South  African  Mining  and  Engineering  Journal.,  Important  Rhodesian  Chrome 

Development,  vol.  40,  No.  1996,  Dec.  28,  1929,  pt,  2,  pp,  451-453. 

19/  Mining  Magazine,  London,  Umvukwe  Chromite  Deposits,  Rhodesia:  March,  V 

1929,  p.  181. 
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The  following  table  gives  the  production  of  chromite  in  Southern 
Rhodesia  from  1906  to  1929,  inclusive; 


Production  of  chromite  in  Southern  Rhodesia 
from  1906  to  1929,  inclusive 


Year 

1  Quantity, 

I  long 

tons 

Year 

Quantity, 

long 

tons 

1906 

3,256 

1918 

27,934 

1907 

10,415 

1919 

31,502 

1908 

11^927 

1920 

53,811 

1909 

22,375 

1921 

44,810 

1910 

39,288 

1922 

83,460 

1911 

46,753 

1923 

86,317 

1912 

61,839 

1924 

154,219 

1913 

56, 593 

1925 

121,275 

1914 

43,042 

1926 

161,780 

1915 

54,089 

1927 

194,658 

1916 

79,349 

1928 

195,916 

1917 

j 

i 

65,145 

1929 

261,710 

Union  of  South  Africa 

The  production  of  chromite  in  the  Union  of  South  Africa  has  increased 
rapidly  during  the  last  few  years  as  a.  result  of  the  development  of  large  de¬ 
posits  in  Transvaal  along  the  margin  of  tho  Bushveld  Complex  at  Rustenhurg 
and  lydonhurg.  Accurate  data  on  the  reserves  in  this  area  aro  not  available 
and  estiinater  which  have  appeared  in  the  literature  varj'’  greatly.  However, 
it  is  probable  that  there  are  several  million  tons  of  ore  in  those  deposits. 
The  ores  for  7/hich  assays  are  available  are  compara-tively  low-giade,  averaging 
about  43  per  cent  of  Cr2C3.  Owing  to  the  lower  transportation  and  raining 
cost,  the  ore  can  be  marketed  at  a  cost  per  \mit  of  chromium  considerably 
below  the  Rhodesian  ores.  It  has  not,  however,  been  demonstrated  that  con¬ 
sumers  will  remodel  metallurgical  plants,  originally  designed  to  handle  50 
per  cent  ore,  in  order  to  take  advantage  of  the  cheaper  Transvaal  chromite. 

At  present  the  ore  finds  a  market  in  the  chemical  and  refractory  industries 
and  some  of  the  higher-grade  oro  has  been  used  in  the  metallurgical  industry. 

H.  Schneiderhohn  has  described  the  Bushveld  deposits?^/  as  follows: 

The  Bushveld  chromites  have  been  known  for  a  good  many  years, 
but  exploitation  of  them  commenced  about  six  years  ago.  So  far  they 
are  mined  only  in  two  districts,  one  being  the  Lydenburg  district, 

2^  Mining  Journal,  London,  Chromite  of  the  South  African  Bushveld:  Vol.  169, 
No.  4940,  Apr.  26,  1930,  p.  345. 
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in  the  eastern  part  of  the  Biishveld,  and  the  other  the  R-ostenhnrg 
district,  in  the  western  •’oart.  Most  of  the  chromite  hands  stretch 
over  a  length  of  hundreds  of  metres,  or  oven  kilometers,  without 
interruntion,  although  faulting  is  not  infrequent,  which  may  cause 
considerable  displacement  of  the  chromite  zones.  The  thickness  of 
the  chromite  bands  varies  from  a  few  centimeters  to  over  four 
metres.  Usually  there  are  ti7o  or  more  chromite  horizons;  in  the 
lydenburg  district  there  are  two,  and  in  places  three.  In  the 
Rustenburg  district  there  are  three  chromite  bands,  one  under  the 
other  being  oxploited.  ♦•f************^!**^:*)* 

In  different  localities  of  the  Bushveld  numerous  prospecting 
works  exploring  the  chromite  zones  have  been  carried  out  in  the 
last  few  years.  Since  1924  there  has  been  regular  exploitation  of 
chromite  with  a  steadily  increasing  annual  production.  The  produc¬ 
tions  have  been  as  follows  in  round  figuresi  1924,  4,150  tons; 
1925,  10,000  tons;  1926,  15,600  tons;  1927,  15,400  tons;  1928, 
28,400  tons;  and  in  1929,  about  60,000  tons.  It  is  hoped  to  bring 
the  annual  production  up  to  100,000  tons  in  the  near  future.  Last 
year  the  Transvaal  output  was  round  16  per  cent  of  the  world  produc 
tion  of  chromite,  based  on  the  1928  world  production.  The  ores  are 
shipped  via  Lorenzo  Marquez,  and  contain  from  40  to  46  per  cent 
^1*303,  averaging  about  43  per  cent  and  28,5  per  cent  of  ferrous 
oxide.  The  price  of  the  42  per  cent  chromite  is  about  58s.  6d.  per 
ton  c.i.f,  in  European  ports. 

The  total  ore  reserves  are  very  great,  and  are  estiras-ted  to 
amount  to  hundreds  of  millions  of  tons. 

The  chromite  is  rained,  pa-rtly  by  open  working  and  partly  from 
underground,  in  which  case  pillars  must  be  left  standing  to  support 
the  roof.  In  the  lydenburg  district  the  chromite  under  exploration 
has  a  thickness  of  about  1,20  metres,  althou^  in  places,  as  at 
Grootboom,  it  is  3.50  metres  thick.  In  the  Rustenburg  district  the 
chromite  has  less  thickness  but  has  an  average  CrgC^  value  of  about 
42,5  per  cent,  which  compares  with  values  of  41,5  to  47  per  cent 
in  the  Lydenburg  area.  The  transport  of  the  chromite  to  the  near¬ 
est  railway  station  is  rather  expensive,  but  there  is  said  to  be 
prospects  of  an  early  extension  of  railway  coramonication  to  the 
chromite  mines. 

Mention  may  be  made  of  the  fact  that  a  portion  of  the  chromite 
exploited  is  from  the  occurrences  of  a  secondary  character  formed 
by  the  chromite  masses  which  have  broken  away  from  the  outcrops  of 
primary  ore  on  the  high  ground  and  been  carried  down  into  the 
valleys.  This  is  of  relatively  high  grade,  containing  about  45 
per  cent  of  Cr203. 
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ITew  Caledonia 

/ 

Cb.ronite  has  been  mined  in  i'lev;  Caledonia^=^  since  about  1875  and  the 
production  up  to  the  end  of  1929  has  totaled  about  1,346,000  long  tons, 
or  about  19  per  cent  of  the  world  total  since  1.827,  Exnorts  in  1929 
amounted  to  58,212  long  tons.  There  were  fiver'.^  operators  during  1929, 
the  most  important  of  which  was  the  Societa  La  Tiebaghi,  which  operates  the 
Tieba^i  mine  at  Pagoumene,  This  mine  produces  ore  carrying  48  to  52  per 
cent  of  CrgOg.  It  is  equipped  with  modern  ore-handling  devices,  but  owing 
to  the  depth  the  operating  costs  are  high,  Societi  Chimique  du  Chrome 
operated  the  Pantoche  end  Alpha  mines  in  the  Pagoumene  district,  Tne  other 
operations  were  those  of  the  Societe  Caledonia  which  has  mines  at  Coulee 
and  Plaine  des  Lacs,  that  of  M.  Talou  with  the  Chagrin  mine  at  Koumac,  and 
that  of  M.  Vernier  who  opera.ted  the  Alice- Louise  nine  on  the  Bay  of  N'Co. 

The  mines  are  controlled  chiefly  by  British  and  American  capital.  The  ore 
occurs  in  serpentinized  peridotite,  and  in  1925  reserves  were  estiwatedS^ 
at  more  than  1,500,000  tons  of  50  per  cent  ore. 

ITew  Caledonia  is  the  principal  source  of  the  high-grade  ore  required  by 
the  chemical  industry. 


Cuba 


Production  of  chromite  in  Cuba  began  in  1916,  and  the  total  output  from 
1916  to  1929,  inclusive,  as  indicated  by  imports  from  Cuba  into  the  United 
States,  was  about  213,000  tons,  or  about  3.0  per  cent  of  the  total  world 
output  from  1827  to  1929,  inclusive.  In  1929,  Cuban  production  amounted  to 
about  53,000  long  tons,  9  per  cent  of  the  world  total. 

The  deposits  of  Cuba  described  by  Burchard^^  in  1919,  are  located  in 
Camaguey,  Oriente,  and  Matanzas  Provinces,  The  most  important  mines  lie  in 
the  Kuevitas  district,  in  Camaguey,  although  considerable  production  has 
come  from  several  mines  around  ITipe  Ba.y  (Oriente).  In  addition  there  are 
extensive  deposits  of  chromiferous  nickel-iron  ores  in  Oriente  and  Camaguey 
provinces.  The  reserves  of  chromite  have  been  estimated  at  around  100,000 
tons,  and  there  is  reported  to  be  3,000,000,000  tons  of  chromif erous-nickel 
iron  ore  in  the  Mayari  and  Moa  Ba.y  fields. 

The  chromite  in  Cuba  is  lor-grade,  averaging  about  33  to  43  p4r  cent  of 
CrsOg;  10  to  12  per  cent  of  Pe;  1  to  6  per  cent  of  SiOs;  20  to  32  per  cent  of 
AI2O2;  and  some  moist'ore.  Magnesia  amounts  to  14  to  20  per  cent  in  ma.ny  ores. 

21/  Diller,  J.  S..  Chromite  in  1918:  U.  S.  G-eol.  Survey,  Mineral  Resources  of 
the  United  States,  1913,  Pt.  I,  pp.  704-709. 

22/  U.  S.  Department  of  Commerce,  Chrome  Mining  in  New  Caledonia:  Commerce 
Repts.,  No.  25,  June  24,  1929,  p.  731, 

23/  Porness,  J.  W. ,  Chromite:  Mineral  Resources  of  United  States,  1925, 

Bureau  of  Mines,  Pt.  I,  p.  145, 

24/  Burchard,  E.  P.,  Chrome-Ore  Deposits  in  Cuba:  Am.  Inst,  of  Min,  and  Met, 
Eng.,  Bull.  153,  Sept.,  1919,  pp.  2523-2546. 
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India 

The  principal  deposits  of  cliromite  in  India  are  found  in  the  Q,uetta- 
Pishin  and  Zhob  districts  in  Baluchistan;  the  Hassan  and  Mysore  districts 
in  Mysore  State;  and  the  Singhthum  district  in  the  States  of  Bihar  and 
Orissa.  The  deposits  in  Baluchistan  occur  in  veins  and  irregular  segre¬ 
gations  in  the  serpentine  which  accom'i:>anies  the  great  Basic  intrusions  of 
Upper  Cretaceous  age.  Much  of  the  ore  averages  in  excess  of  50  per  cent 
of  Cr203,  In  Mysore  the  ore  is  found  in  ultra  Basic  dunite  dihes,  cutting 
gneiss,  which  have  Been  altered  in  places  to  serpentine,  and  generally 
occurs  in  veins  ranging  from  S  to  12  inches  in  v/idth.  The  ore  usually  aver¬ 
ages  up  to  52  per  cent.  The  Hassan  ores  lie  in  a  talc-serpentine  Belt 
aBout  20  miles  long  and  the  ore  is  mainly  in  disseminations  of  low  tenor. 

The  SinghBhun  deposits  often  contain  up  to  53  per  cent  of  CrpOs  and  occur 
in  a  series  of  ultraBasic  igneous  rocks.  Other  promising  deposits  have  Been 
reported  in  BomBay  Presidency  and  on  the  Island  of  Ceylon.  Indian  reserves 
in  1925  were  estimated  to  contain  aBout  800,000  long  tons  of  ore,  averaging 
50  per  cent  of  Ci’203. 

During  the  last  four  years,  1926  to  1929,  inclusive,  production  has 
come  from  the  ZhoB,  Hassan,  SinghBhur,  and  Mysore  deposits;  ZhoB  and  Hassan 
are  the  most  imuertmt.  The  production  from  1903  to  1929  has  totaled  aBout 
616,000  long  tons,  or  8.7  per  cent  of  the  world  total  since  1827,  Produc¬ 
tion  in  1229  amounted  to  49,565  long  tons  which  was  8.2  per  cent  of  the 
world  total. 

Practically  all  of  the  ore  produced  is  exported  to  IXirope  and  the 
United  States  thrcu^Ji  British  Indian  ports  and  the  port  of  Mormugao  in 
Portuguese  East  ■‘•iiiia,  Pi’oduction  from  1903  to  1929,  inclusive,  is  shown 
in  the  follov/ing  table: 

Production  of  chromite  in  India,  1903  to  1929 

(Long  tons) 


Year 

Q'oantity 

Year 

Quantity 

I 

Year 

Quantity 

1903 

284 

1912 

2,890 

1921 

34, 762 

1904 

3,596 

1913 

5,676 

]922 

22.778 

1905 

2, ’’08 

1914 

5,882 

1923 

54,243 

1906 

4,375 

1915 

3:  776 

1924 

45,463 

1907 

18,303 

1916 

20, 156 

1925 

37,452 

1908 

4,745 

1917 

27,061 

1926 

33,382 

1909 

9,250 

1918 

57,770 

1927 

57,207 

1910 

1,737 

1919 

35.439 

1928 

45,456 

1911 

3,804 

1920 

25,801 

1929 

49,566 

Yugoslavia 

The  production  of  chromite  in  Yvigoslavia  Before  1925  was  negligible. 
But  during  the  5-year  ueriod,  1925-  to  1929,  inclusive,  the  yearly  output 
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Figure  6.-Chromite  deposits  of  Asia  Minor  and  the  Balkan  States  (Turkey  in  Asia,  Greece,  Yugoslavia,  Bulgaria,  Rumania,  Austria,  Cyprus,  etc.) 
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averaged  19,015  long  tons.  All  but  a  small  tonnage  came  from  the  southern 
and  central  Serbian  deposits.  Two  mines  in  southern  Serbia,  the  Orashje 
and  Gorantsi,  furnished  nearly  the  entire  Serbian  production  during  this 
period.  The  best  known  deposits  are  controlled  by  foreign  concerns. 

Tli0  three  principal  chromite-bearing  areas  (fig.  6)  in  Yugoslavia  are: 

(1)  Central  and  southern  Serbia  extending  from  Uzice,  Cacak  and  Kushevats 
on  the  north,  to  Raskha  on  the  south  (lies  in  the  Kapaonik  Mountains). 

(s)  The  Serbian  Macedonian  field,  (probably  a  continuation  of  the  Kapaonik 
Mountain  area)  lies  mainly  about  20  kilometers  northwest  of  Uskub,  Other 
Macedonian  mines  have  been  located  near  Monastir  and  between  Saloniki  and 
Uskub  (Skoplje). 

(3)  Central  Bosnia,  especially  in  the  Dubostica  valley,  some  15  to  20 
kilometers  north  of  Vares  (40  kilometers  north  of  Sarajevo). 

Russia 

Russia  produces  sufficient  chromite  to  supply  its  own  needs  and  a  small 
export  trade  which  amounted  to  5,055  metric  tons  in  1928-1929.  Riissia  con¬ 
sumed  nearly  21,000  metric  tons  of  chromite  in  1926-1927,  and  the  apparent 
consumption  (production  minus  exports)  was  26,555  tons  in  1927-1928,  and 
approximately  23,000  tons  in  1928-1929,  Tlie  following  table  shows  the  produc¬ 
tion  of  chromite  in  Russia  in  1913  and  from  1922  to  1928,  inclusive; 

Production  of  Chromite  in  Russia,  by  districts, 

1913  and  1922  to  1926 


(Metric  tons) 


— - ^ ^ ^ - 

Regions  !  1913  1 1922-231  1923-24 

i  1 

1924-25 

192&-26 

1926-27 

1927-28 

. 

i  j 

Ural  Province  124,9201  875 

Gov,  of  Orenburg  -  i- 

Bashkirian  Aut.S.S.R.  1,296  1  17 

Kazaksky  Aut.S.S.R.  j  -  S  - 

J  1 

8,773 

3.121 

— 

22,117 

87 

4,991 

2,915 

26,  622 

3,740 

- 1 

13,015 

6,279 

20,782 

8,401 

353 

i  ] 

Total  j26,616i  892 

11,894 

30,111 

1 

30,362 

L  ..  • 

19,294 

29,536 

Comprehensive  data  on  the  chromite  resources  of  Russia  are  not  available, 
but  owing  to  the  large  areas  of  basic  rocks  in  which  chromite  is  often  found, 
it  is  probable  that  the  resources  of  Russia  will  prove  to  be  large.  In  recent 
years  the  Soviet  Government  has  been  very  active  in  prospecting  for  and  de¬ 
veloping  new  deposits. 
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Deposits  of  ctiromto  are  known  in  tlie  Ural  area,  the  Northern  Caurasus, 
the  hinter  Caucasus,  and  the  hinter  Baikal,  Tiie  Ural  deposits,  which  are 
the  most  important  at  nresent,  are  found  in  serpentines  and  soa'ostones,  and 
extend  from  Perm  southward  into  Orenourg.  The  reserves  of  this  area  have 
been  estimated  at  6,000,000  tons.§^ 

It  has  been  estimated  that  the  largest  of  the  Ural  deposits,  Baranovsky, 
near  Perm,  contains  a  total  of  1,457,000  tons  of  developed,  probable,  and 
possible  ore  ranging  between  40  and  50  per  cent  of  CrgOs.  In  addition  there 
is  a  considerable  tonnage  of  lower-grade  concentrating  ore.  Second  in  import¬ 
ance  is  the  Gologorsky  deposit,  near  Sverdloosk.  A  concentrating  plant  was 
built  at  this  property  in  1914,  but  operations  were  suspended  shortly  after 
and  were  not  resumed  until  19SS,  The  concentrates  contain  from  42  to  48  per 
cent  of  CrgOs,  tire  utilized  mainly  by  the  Shaitansky  bichromate  manufac¬ 
turing  works. 

According  ‘to  V.  Kozlov,  the  Beloretzky  Mining  Trust  in  1927  was  mining 
a  deposit  of  high-quality  ore  on  the  eastern  slope  of  the  Ak-bik  Mountain, 
in  the  Bashlcirian  Autonomous  Province.  The  mines  are  located  5  to  6  kilo¬ 
meters  southwest  of  the  village  of  Shigaev  and  30  kilometers  from  the 
Beloretzky  plant  where  the  ore  is  being  used  in  the  manufacture  of  bichromate, 

Numerous  deposits  have  been  discovered  recently  in  the  Chaliloosli:y  region 
which  extends  into  the  Orenberg  territory.  These  deposits  aro  of  hi^ier  grade 
than  other  Ural  deposits  and  in  many  cases  the  ore  can  be  shipped  directly. 

Other  Ural  deuosits  are  located  in  the  Novoe  Delo,  Revdinsky,  Zlatoustovsky, 
Ubalinsky,  Miasslcy,  and  Troitsky  districts.  The  grade  of  the  ore  in  these 
deposits  ranges  between  20  and  41  per  cent  of  CrgOs. 

Many  chromite  deposits  have  been  found  in  northern  and  hinter  Caucasus, 
but  as  yet  there  has  been  little  production.  Recently  chromite  associated 
with  tin  ore  was  found  on  Dj oumaralcli-Tuba  Mountain  in  the  Arhizky  region, 
northern  Caucasus,  Many  deposits  have  been  found  in  Siberia,  especially  in 
the  Baikal  area,  but  these  also  have  been  unproductive  to  date. 

Creece 

The  chromite  cres  of  Greece  are  of  considerable  importance;  the  principal 
deposits  are  in  Thessaly  and  in  the  Klialkidike  Peninsula,  In  some  years  as 
much  as  15,000  tons  of  ore  has  been  mined.  TVie  ore  occurs  in  irregular 
ma.sses  in  serpentines  and  other  ultra  basic  rocks.  The  irregular  nature  of 
these  deposits  has  made  exploitation  sporadic.  The  principal  mine  in  Thessaly 
is  close  to  Riarsala,  30  miles  west  of  Volo,  the  port  from  which  Thessalian 
ore  is  shipped  to  Belgium  and  the  United  States;  within  recent  years  this 
mine  has  produced  annually  more  than  10,000  tons  of  38  to  40  per  cent  ore, 

25/  Trinkler.  G.  V, ,  Chromite:  Annual  Reuort  on  the  Mineral  Resources  of  the  ^ 
U.S.S.R.,  1926-1927,  pp.  1054-1060. 
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Another  important  mine  in  Thessaly  is  the  Alchanl  Domokos;  in  1927  it  pro¬ 
duced  considerably  more  than  the  Piiarsa-la  mine.  On  the  south  side  of  Lake 
Daoukli  at  Nezero  is  a  smaller  mine  close  to  the  itiain  railroad  line  from 
Larissa  to  Lamia;  numerous  smaller  deuosits  occur  in  the  Neochori  district 
on  the  western  slope  of  the  Othyris  Mountains,  at  Voivoda,  near  the  narrow- 
gage  railroad  from  Ealabalca  to  Volo.  A  number  of  com^Daratively  small  work¬ 
ings  are  found  in  Macedonia,  20  miles  west  of  Salonika,  near  Katerini,  where 
the  ore  occurs  as  segregations  in  serpentine  derived  from  peridotites.  Ore 
bodies  of  similar  nature  occur  in  places  on  the  Klialkidike  Peninsula,  The 
mine  at  Vavdes  near  Glatista  has  an  average  annual  output  of  300  tons.  Pe- 
posits  have  been  reported  in  severel  loarts  of  Euboea  and  Boeotia  and  from 
the  Island  of  Slcyros, 

The  following  table  shows  the  production  of  chromte  in  Greece  by  vari¬ 
ous  periods,  1881  to  1928,  inclusive,  in  long  tons: 

Pr oduc t i on  of  chromi t e  in  Greece,  1881-1928 , 

(Long  tons) 


Year 

Total 

Annual  average 

1881-1890 

■  ■■■  '  — 1 

1/  3,582 

r - — - 

358 

,  1891-1900 

20,721 

2,072 

1901-1910 

94,226 

9,423 

1911-1920 

76,599 

7,660 

1921-1925 

54,063 

10,813 

1926 

19,732 

19,732 

1927 

1/,041 

17,041 

1928 

20,622 

20,622 

1929 

23 , 832 

23.832 

ij  Estimated, 


T'orkey 

Turkey  has  been  an  important  producer  of  chromite  since  the  middle  of 
the  nineteenth  century.  Its  output  led  the  world  from  1860  until  the  develou- 
ment  of  the  New  Caledonian  deposits  during  the  letter  mrt  of  the  century. 
Since  then  Turkish  production  has  been  dwarfed  further  by  India  and  Southern 
Rhodesia.  ,  The  estimated  total  output  from  Turkish  mines  is  about  832,000 
tons,  or  11.7  per  cent  of  the  world  total  from  1827  to  1929,  inclusive. 

Annual  production  is  expected  to  increase  materially  as  soon  as  the  proposed 
railway  system  is  completed.  The  reserves  of  chromite  are  not  actually  known. 
Estimates  range  from  1,000,000  to  15,000,000  tons  of  ore  averaging  50  per 
cent  of  CrsOs, 

Figure  6  shows  the  chromite  deposits  of  Turkejr.  The  principal  mines 
are  in  the  northwestern  part  of  the  country  near  Brusa.  Several  mines  have 
been  developed  which  contain  ore  running  50  to  52  per  cent  of  CrsQg.  Other 
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higji-grade  deposits  are  found  near  Adalia  and  Makri,  Recently  there  has 
"been  much  interest  in  the  deposits  east  of  Eskishehir  where  several  mines 
containing  43  to  50  per  cent  ore  have  heen  found*  The  chrome  industry  of 
Turkey  was  described  in  1929  by  Von  Engelmanii.^ii/ 

The  following  table  shows  the  production cf  chromite  in  Turkey,  from 
1881  to  1925,  by  5-year  periods,  and  for  1926,  1927,  1928,  and  1929. 

Production  of  chromite  in  Turkey ,  from  1881  to  1925,  by  5-year 
periods,  and  for  1926.  1927,  1928  end  1929  17 

(Long  tons) 


Period  j  Production  i  Period  j  Production  • 

_  I  ;  avera^re  I  averac 


1881-1885 

— ^ — - - 

1 

47,542 

fctv 

11,886 

1916-1920 

71,008 

1  «av 

14,201 

1886-1890 

97,722 

19,544 

1921-1925 

23,075 

5,769 

1891-1895 

117.812 

23,562 

1926 

6,565 

6,565 

1896-1900 

56,075 

11,215 

1927 

18,029 

18,029 

1901-1905 

53,148 

10,630 

1928 

11,662 

11,662 

1906-1910 

1911-1915 

109 , 248 
105,774 

21,850 

21,155 

1929 

14,840 

14,  340 

ij  Figures  subject  to  revision. 


Japan 

The  principal  chromite  deposits  in  Japan  are  the  Wakamatsu  mine  in  Hoki 
Province;  Mimi  and  TaJcase  mines  in  Bitchu  Province;  and  the  lasaguri  and 
Mundagao  mines  in  the  Province  of  Chikuzen.  The  ores  occur  as  detrital  de¬ 
posits  and  as  segregations  in  serpentines  cutting  gabbros  and  peridotites. 

The  ore  is  said  to  average  40  per  cent  of  CrsOs* 

Production  began  in  1907,  and  the  entire  output  has  been  consumed  in 
Japan.  The  total  production  to  the  end  of  1929  was  nearly  112,000  long  tons, 
1.6  per  cent  of  the  world  total  from  1827  to  1929,  inclusive.  Production 
d-uring  1929  amounted  to  9,018  tons. 

Summary 

The  world  reserves  of  chromite  are  not  susceptible  to  precise  estimation, 
but  the  supply  of  ores  of  marketable  grade  which  exists  in  Southern  Rhodesia, 
Turkey,  India,  Union  of  South  Africa,  Russia,  and  New  Caledonia  is  believed 
to  be  sufficient  to  meet  the  world's  needs  for  several  decades.  Reserves  of 
minor  importance  exist  in  Cuba,  Yugoslavia,  Greece,  and  Japan,  Some  countries 
contain  deposits  which  are  too  low-grade  to  be  of  commercial  importance  under 
present  market  conditions.  In  addition  to  these  suuplies  a  large  quantity, 
possibly  as  much  as  5  billion  tons,  of  chromiferons  iron  ore  of  the  Mayari 
type  exists  in  Cuba.  Porto  Rico,  Celebes,  Borneo,  Philippine  Islands,  Gold _ 

36/  Von  Engelraann,  H. ,  Turkey  Extending  Railroads  to  Develop  Chrome  Resources: 

Eng.  and  Min.  Jour.,  vol.  127,  No.  26,  June  29,  1929,  pp.  1037-1033. 
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Coast,  Greece,  and  Australia.  TiThile  their  chromium  content  is  of  negligible 
economic  importance  at  present,  these  ores  will  probably  constitute  an  im¬ 
portant  source  of  chromium  when  the  high-grade  deposits  are  esiiausted. 


POLITICAL  Am  COiaiEP-CiAL  COMOL 


Political  Control 

Of  the  1929  world  production  of  chromite  about  63  per  cent  originated 
in  the  British  Empire,  10  per  cent  in  French  territory,  9  per  cent  in  Cuba, 

7  per  cent  in  Yugoslavia,  5  per  cent  in  Russia,  and  the  remaining  6  per  cent 
largely  in  Greece,  Turkey  and  Japan.  The  British  Empire's  proportion  of  the 
world's  high-grade  chromite  reserve  is  probably  larger  than  its  share  of 
world  production  in  1929. 


Commercial  Control 


Africa.  -  The  large  chromite  reserves  of  Southern  Rhodesia  and  the  Union 
of  South  Africa  are  owned  mainly  by  the  Chrome  Corporation  (Ltd),  which  is  con¬ 
trolled  by  the  Edmond  Davis  group  (British).  Less  important  areas  are  being 
developed  by  the  Bee  Chrome  Corporation  (Ltd.),  Ifenn-Littlo  &  Co.,  and  the 
Becker  Trust  Co,  (all  British).  American  interests  are  reported  to  own  con¬ 
siderable  stock  in  some  of  these  companies. 

Cceanj.a.  -  In  New  Caledonia,  the  Teibaghi  Mino  at  Pagoumene,  is  operated 
by  the  Societe  La  Tiebaghi  (Edmond  Davis  group  (British)),  and  the  Fan^uche 
and  Alpha  mines  in  the  same  district  are  being  exploited  by  the  S-ocie^te 
Chimique  du  Chrome  (American).  There  are  also  a  ruomber  of  small  French  and 
native  operators. 

Asia.  -  In  Turkey,  where  reserves  are  reported  to  be  large,  brisk  compe¬ 
tition  has  developed  for  concessions.  The  Roechling  group  (German)  has 
acquired  large  holdings  in  the  Dagh  Ardy  sector  of  the  Brusa  field.  The 
eastern  half  of  this  field  is  jointly  controlled  by  the  Edraond  Davis  group 
(English),  a  syndicate  of  Swedish  iron  com.panics,  and  the  German  Krupp  com¬ 
pany.  A  French  group  has  become  interested  in  the  Eskishehir  district,  while 
mines  further  north,  in  the  Bolsular  district,  have  been  conceded  to  a  Turk¬ 
ish  company  (recent  reports  indicate  that  the  Roeschling  interests  have 
acquired  the  holdings  of  the  Turkish  concern).  The  Malcri  deposits  are  oper¬ 
ated  by  a  French  company,  Societe  Miniere  de  Fcthie,  while  the  S.nyrna  mines 
have  been  acquire!  by  the  Patterson  Brothers  (British),  An  American  company 
is  reported  to  have  obtained  a  concession  in  the  Brusa.  district. 

The  Japanese  chromite  deposits  are  controlled  and  operated  by  Japanese 
interests,  and  the  Indian  deposits  are  largely  controlled  by  British  capital, 

Europe.  -  Production  in  Yugoslavia  is  controlled  largely  by  German  and 
French  interests,  while  that  in  Greece  is  dominated  by  French,  American,  and 
Grecian  capital. 

North  and  South  America.  -  The  deposits  of  chromite  in  North  and  South 

America  are  controlled  largely  by  American  interests.  Cuba  is  the  only  impor- 
taut  producer. 
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INFORMATION  CIRCULAR 

DEPARTMENT  OF  COMMERCE  -  BUREAU  OF  MINES 


MEDICAL  SERVICE,  ACCIDENT  REPORTS,  COMPENSATION,  AND 
. . .  .WELFARE  AT  IRON  MINES  IN  THE  LAKE  SUPERIOR  REGION^ 

^By,F.^S.  Crawford^ 

The  wide  variation  in  the  medical  facilities,  type  of  accident  reports  and  provision 
for  the  welfare  of  employees,  in  addition  to  the  compensation  provided  by  the  various  Stats 
laws,  was  ,studie.d  by  the. writer, in  the  Lake  Superior  region. 

...  Several  companies  furnished  the  information  which  follows.  Names  have  been  omitted,  but 
the  information  should  be  of  interest  to  companies  desirous  of  improving  this  branch  of  their 
accident-prevention  work. 

Because  a  summary  of  the  methods  used  would  merely  result  in  an  attempt  to  set  up  an 
ideal,  it  was  concluded  that  in  preparing  this  paper  a  statement  of  the  individual  methods 
of. .each  company  \voul.d  be  of  the  most  interest,  and  they  have  been  listed  with  no  regard  to 
the  size  of  the  company, 

.  _In  the  appendix  are  a  number  of  report  forms  used  by  various  operators  for  reporting 
accidents  to  the  company  and  to  the  State.  These  are  self-explanatory  and  many  are  mentioned 
in  the  body  of  circular. 

. .  .,C0.MPANYA 

Medical  Service:-  All  new  employees  of  company  A  are  required  to  take  a  physical  exami¬ 
nation,  and  all  old  employees  must  be  reexamined  once  every  two  years.  Dispensary  service 
is  available  at  the  mine  location  with  a  full-time  doctor  in  charge.  All  hospital  cases  are 
taken  to  the  general  hospital,  which  is  6  miles  from  the  property. 

Slight  injuries  are  treated  in  the  mine  by  first-aid  men  who  see  that  the  injured  man 
is  taken  to  the  doctor  for  further  treatment  if  necessary.  First-aid  supplies  are  kept  under 
ground  on  every  level.  Men  are  required  to  report  all  injuries,  regardless  of  triviality, 
on , the  timekeeper ' s.  check  sheet  by  marking  whether  they  have  been  injured  during  the  day. 

Accident  Reports:-  Reports  of  injuries  are  made  by  the  foreman  and  by  the  doctor,  and  a 
report  is  made  to  the  State.  Copies  of  these  reports  are  attached.  There  is  no  workmen's 
committee,  report,  .Qf  an  inj ury  ..,_The  classification  of  accidents  used  by  the  State  is  used  by 
company  A.  In  classifying  lost  time,  the  day  of  injury  is  not  counted  as  lost  time,  as  a  man 
is.paid.full  time  for.the  day  on  which  he  is  injured. 

Return-to-Work  Policy:-  When  a  man  returning  to  work  is  not  able  to  take  up  his  regular 
job,  he  is  given  employment  which  he  can  do  with  the  same  pay  he  received  at  the  time  of  his 
injury. 

Reports  on  severity  are  ..kept  by  the  safety  department;  a  copy  of  such  a  report  is  in¬ 
cluded  in  the  appendix. (30)  to  this  report. 

...  Compensation  and  7<elfare:-  Compensation  is  governed  by  the  State  compensation  law. 
Company  A  carries  its  own  insurance.  An  accident  fund  and  a  death  fund,  according  to 


1  -  The  Bureau,  of  Hina.s.will  wolcoao  reprinting  of  this  paper,  provided  the  following  footnote  acknowledgaent  is  iiJj 
.."Reprinted  froa  U.  ..S.  Bureau  of  Mines  Inforaation  Circular  6567." 

2  -  District  engineer.  United  States  Bureau  of  Mines  Safety  Station,  Duluth,  Mian. 
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State  compensation  requirements,  is  set  up,  based  upon  a  certain  percentage  of  the  payroll, 
according  to  the  previous  accident  experience  of  the  mine. 

COMPANY  B 

Medical  Service.-  All  men  are  examined  by  company  B  physician  when  they  are  hired. 
Hospital  and  dispensary  service  are  maintained.  In  case  of  accident,  the  doctor  is  called 
to  the  scene  of  the  accident  as  soon  as  possible. 

Compensation.-  The  company  is  a  self-insurer  under  the  State  workmen's  compensation  law 
and  has  no  funds  or  benefits  other  than  those  compensable  by  State  law. 

This  company  has  had  no  fatal  accidents  for  5  years. 

COMPANY  C 

Medical  Service.-  There  is  no  physical  examination  of  either  new  or  old  employees  of 
company  C.  Hospital  and  dispensary  service  are  available  in  a  town  close  by;  in  treating 
slight  injuries,  first  aid  is  given  in  the  mine  by  the  shift  boss.  The  man  is  then  sent  to 
the  hospital. 

The  doctor  makes  a  report  of  the  injury  if  a  man  is  sent  to  the  hospital.  The  man  is 
paid  full  time  for  any  part  of  one-half  shift  on  the  day  injured.  In  other  words,  if  he  was 
injured  in  the  morning,  he  would  get  a  half-shift's  pay,  and  if  injured  after  lunch  he  would 
get  a  full-shift's  pay.  Generally,  the  man  returns  to  his  regular  job,  but  sometimes  it  is 
possible  for  him  to  return  to  light  work  until  he  is  able  to  resume  his  regular  occupation. 
The  doctor  makes  reports  on  severity  to  estimate  further  disability. 

In  hiring  new  men  in  such  a  small  organization,  safety  instructions  are  necessarily 
given  by  the  foreman,  who  also  uses  his  judgment  as  to  placing  men  on  hazardous  jobs. 

Compensation  and  Welfare.-  Company  C  is  insured  by  a  regular  insurance  company.  No 
pension  funds,  death  funds,  or  accident  funds  are  maintained  through  the  cooperation  of  the 
company. 


COMPANY  D 

Medical  Service.-  Company  D  requires  that  all  employees  be  examined  physically  at  least 
once  a  year.  Hospital  service  is  available  at  convenient  places  at  each  of  the  mines  opera¬ 
ted  by  the  company.  Treatment  for  slight  injuries  is  taken  care  of  through  first-aid  equip¬ 
ment  at  various  points  about  the  mines.  The  company  insists  that  every  accident,  no  matter 
hov/  slight,  be  reported  to  the  management;  the  case  is  then  followed  up  and  investigated  by 
the  company  inspector  to  see  that  medical  service  is  given  where  necessary. 

Accident  Reports.-  The  first  report  of  an  accident  is  made  by  the  foreman  in  charge. 
If  the  accident  requires  the  doctor's  attention,  he  also  makes  a  report  on  it.  The  safety 
inspector  investigates  the  cause  of  the  accident  and  reports  to  the  management.  The  whole 
matter  is  then  given  general  review  in  conference  at  the  foremen's  meetings. 

If  the  man  loses  more  than  the  shift  upon  which  he  is  injured,  the  accident  is  classed 
as  a  lost-time  accident.  Men  are  paid  for  the  day  on  which  they  are  injured.  When  a  man  is 
ready  to  return  to  work,  arrangements  are  made  to  place  him  temporarily  until  he  is  able  to 
resume  his  regular  work,  provided  that  such  action  is  thought  advisable.  The  doctor's  re¬ 
ports  are  received  monthly  on  serious  cases  with  estimates  as  to  further  disability  causing 
lost  time. 

Compensation  and  Welfare.-  Company  D  carries  its  own  compensation  insurance  under  the 
State  v/orkmen's  compensation  act.  In  addition,  there  is  maintained  for  the  benefit  of  the 
employees  a  pension  fund  and  a  benefit  association.  This  applies  to  employees  in  case  of 
sickness,  or  accidents  occurring  outside  of  employment. 
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COMPANY  E 

Medical  Service.-  Company  E  gives  new  employees  a  physical  examination  at  the  time  they 
are  .employed,  and  each  year  thereafter.  Hospital  and  dispensary  service  are  available  at  a 
hospital  within  5  miles;  emergency  cases  are  taken  to  a,  doctor  in  a  nearby  town, 
t  Accident  Reports.-  Reports  of  injuries  are  made  by  the  doctor  and  by  the  safety  engineer 
at  the  time  of  the  injury,  upon  forms  supplied  by  the  insurance  company.  In  classifying  the 
accident  as  to  lost  time,  company  E  states  that  the  day  upon  which  the  man  is  injured  is 
classed  as.  lost  time  and  that  he  is. not. paid. full  time  for  that  day.  In  returning  the  man  to 
work  he  is  given  a  job  at  light  work  which  he  can  handle  until  he  is  able  to  resume  his  regu¬ 
lar  o.ccupation.  The  doctor  makes  a  report  on  the  severity  of  the  accident  in  the  form  of  an 
estimate  at  the  time  of  the  injury  and  a  finals  report  when  the  man  returns  to  work. 

'  ■  :  Compensation  and  Welfare.-  Company  E  has.no  pension  fund,  but  carries  its  insurance  with 

an  insurance  company.  .The  employees  are  insured  in  addition  under  a  group  policy  by  a  life 
assurance  society;  this  policy  is  a  life  and  health  and  accident  policy. 

:  .  .  COMPANY  F 

Medical  Service.-  Company  F  requires  a  physical  examination  of  each  new  employee  and 
annual  examinations  of  old  employees.  Hospital  and  dispensary  service  are  provided  through 
contract  v/ith  a  local  clinic.  All  injuries,  however  slight,  the  company  states,. call  for 
medical  attention. 

Accident  Reports.-  The  doctors  make  a  preliminary  and  a  final  report  on  all  injuries; 
the  foreman  desoribes  every  accident  on  his  daily  report.  There  is  no  investigation  of  an 
accident  or  report  by  a  committee  of  workmen. 

In  classifying  the  accident,  the  day  of  injury  is  not  classed  as  lost  time,  as  the  man 
is  paid  full  time  for  the  day  injuredi  In  returning  men  to  work  they  are  given  a  job  at 
light  work  until  they  are  able  to  resume  their  regular  jobs.  The  doctor  makes  a  report  on 
the 'severity  of  the  accident  in  his  preliminary  report  to  estimate  the  time  the  man  will  be 
away  from  work.  . 

Compensation  and  Welfare.-  The  workmen's  compensation  law  of  the  State  governs  all  com¬ 
pensation  payments.  In  addition  to  compensation  which  company  F  carries  with  the  insurance 
company,  the  company  also  has  arranged  for  group  insurance  of  its  employees,  with  the  follow¬ 
ing  features: 

Employees  are  eligible  for  group  insurance  after  three  months  of  employment, 
when  subscription . to  this  insurance  is  required  of  all  employees.  No  medical  ex¬ 
amination  for  this  insurance  is  required.  Benefits  are  $12.50  per  week  for  sick- 

c . ness  and  accident  at  a  cost  of  $1.04  per  month.  Death  benefits  are  from  $1000  to 

$4000,  according  to  the  salary  earned  by  the  employee,  at  a  cost  of  60  cents  per 
. . month  to  the.  employee  and  43.  cents  per  month  to  the  company.  If  an  employee  be¬ 
comes  totally  and  permanen-tly  disabled  before  reaching  the  age  of  60,  the  policy 
-  becomes  due  and  playable. 


t  '  COMPANY  G 

Medical  Service.-  Company  G  requires  physical  examination  of  new  men,  but  does  not  ex¬ 
amine  the  men  periodically  thereafter.  Hospital  and  dispensary  service  are  available  in  a 
nearby  mining  town.  When  a  man  is  injured  he  is  sent  to  a  doctor  in  the  town.  First-aid 
material  is  available  underground  near  both  shafts  and  some  is  available  in  the  change  house. 

V  Compensation  and  Welfare.-  Company  G  is  a  self-insurer  under  the  State  compensation  law, 
'but"in  addition  carries  group  life  insurance  for  its  employees  under  the  yearly  renewable 
term  plan  with  an  insurance  company. 
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COMPANY  H 

Medical  Service.-  Physical  examinations  of  new  employees  are  given  upon  employment  by 
company  H,  and  each  employee  is  given  a  reexamination  every  year.  Hospital  and  dispensary 
service  are  available  to  the  men.-  All  slight  injuries  are  given  first-aid  treatment,  and  the 
injured  then  sent- to  the  doctor.  . 

Accident  Reports.-  Reports  of  the  injury  are  made  by  the  doctor,  by  the  foreman,  and  by 
the  safety  department'.’  Ther-e  is  no  workmen's  committee  report  on  an  injury.  A  man  is  paid 
full  time  for  the  day  he  is  injured,  the  day'of  injury  not  being  counted  as  lost  time. 

If  a  man  is  willing  and  able  to  take  a  light  job  before  he  is  able  to  return  to  his 
regular  job,  he  is  returned  to  work  at  the  light  job;  this  is  entirely  the  workman's  choice, 
however,  and  works  to  his  own  benefit.  Naturally,  the  man  working  at  the  light  job  earns 
more  than  the  compensation  rate.  Thus,  the  injury  is  not  classed  as  lost  time  as  the  man  is 
returned  to  work,  regardless  of  whether  he  has  or  has  not  been  returned  to  his  regular  job. 

The  doctor  makes  a  report  on  the  severity  of  the  accident  in  the  way  of  an  estimate  of 
the  time  the  man  will  be  away  from  work.  -In  case -of  doubt  the  workman  is  given  the  benefit 
thereof. 

Company  H  tries,  as  far  as  possible,  ..to,  give  men  work  which  they  are  mentally  and  phy¬ 
sically  capable  of  doing,  avoiding  the  placement  of  men  with  serious  defects  in  hazardous 
positions. 


COMPANY  I 

Medical  Service.-  A  system  of  physical  examinations  for  both  new  and  old  employees  has 
been  established  by  company  I.  Hospital  and  dispensary  service  are  available  to  the  men. 
For  slight  injuries,  first  aid  is  given  at  the  mine,  and  if  the-injury  is  considered  severe, 
the  man  is  then  sent  to  the  doctor.  ... 

Accident  Reports.-  The  first  report  of  an  accident  is  made  by  the  foreman.  The  doctor 
also  makes  a  report  of  the  injury  when  the  man  comes  to  him  for  treatment.  No  report  is  made 
by  the  safety  department  nor  is  any  report  of  the  injury  made  by  a  committee  of  workmen. 

The  men  are  paid  full  time  for  the  day  they  are  injured,  so  that  the  day  of  injury  is 
not  classed  as  lost  time.  If  a  man  fails  to  return  to  work  the  day  after  the  accident,  it 
must  be  classed  as  a  lost-time  injury. 

In  returning  a  man  to  work  he  is  given  any  job  where  he  can  do  a  day's  work  without 
being  further  endangered  by  his  injury.  However,  it  is  not  the  policy  of  company  I  to  create 
a  job  to  take  care  of  an  injured  man.  The  fact  that  a  man  returns  to  lighter  work  than  his 
regular  job  has  no  effect  upon  the  classification  of  the  accident  as  a  lost-time  accident. 
Regardless  of  the  amount  a  man  earns  if  he  is  on  light  work,  it  is  classed  as  a  lost-time 
accident  if  he  does  not  return  to  his  regular  work  on  the  day  following  the  day  of  injury. 

Compensation  and  Welfare,-  The  mines  operated  by  the  company  are  in  Michigan,  Wisconsin, 
and  Minnesota  and  are  guided  by  the  compensation  laws  of  these  States. 

Company  I  does  not  maintain  or  operate  a  pension  fund;  it  is  self-insuring.  In  addition 
to  the  compensation  which  the  law  requires,  all  employees  carry  group  insurance  through  the 
mining  company,  the  minimum  being  $1000  which  is  paid  in  full  at  death.  The  insurance  rate 
varies  with  each  property  and  with  the  accident  rate  which  is  based  upon  the  previous  5  years 
experience  at  each  property. 


COMPANY  J 

Medical  Reports.-  Physical  examination  of  all  employees  was  begun  by  company  J  in  Febru¬ 
ary,  1929,  and  has  been  continued.  All  new  employees  are  examined  by  company  physicians 
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before  going  to  work.  In  the  examinations  of  the  old  employees  no  one  was  discharged  follow¬ 
ing  the  discovery  of  weaknesses,  but  a  fair  number  whose  physical  condition  was  not  up  to 
standard  were  changed  over  to  other  work  which  they  could  do  with  safety.  Physical  examina¬ 
tions  are  held  confidential  and  are  accessible  only  to  the  general  manager,  the  head  of  the 
pension  department,  and  the  district  superintendent. 

There  are  hospitals  at  all  company  J  mines,  most  of  them  being  operated  by  the  physi¬ 
cians  themselves.  At  the  headquarters  of  the  company,  a  new  hospital  was  built  in  1918;  this 
is  operated  by  the  company  and  serves  the  district.  The  physicians  are  paid  a  salary,  and 
the  operation  of  the  hospital  is  entirely  by  the  company. 

The  doctors  keep  their  offices  in  these  various  hospitals  and  all  patients  who  are  able 
to  do  so  come  to  the  hospital  for  consultation  or  treatment;  in  other  cases  the  physicians 
go  to  the  homes.  The  men  pay  $1.25  per  month  for  medical  services  for  themselves  and  the 
immediate  members  of  their  family.  This  provides  for  medical  attention  and  necessary  medi¬ 
cines.  The  only  extra  charges  to  the  families  are  for  cases  of  confinement,  which  are  $15, 
and  for  sickness  or  injury  which  are  the  result  of  intoxication,  and  treatment  for  venereal 
diseases;  these  are  paid  for  in  addition.  In  cases  of  elective  operations,  anyone  going  to 
the  hospital  pays  a  regular  established  rate  and  a  small  operating  fee.  This  charge  is  much 
less  to  the  employees  of  the  company  than  it  is  to  outside  people  who  may  be  admitted  to  the 
hospital.  Outside  patients  are  treated  as  private  patients  of  the  physicians  on  the  company 
staff . 

In  addition  to  the  $1.25  paid  by  each  man  per  month,  company  J  pays  50  cents  per  man  per 
month  to  the  physicians  for  the  care  of  mine  injury  cases.  This  is  considerably  in  excess 
of  the  actual  cost  of  this  service  at  the  present  time,  but  it  has  been  established  at  this 
rate  to  cover  any  possible  contingencies,  also  to  assist  in  providing  reimbursement  for  the 
physicians . 

There  are  a  large  number  of  men  trained  in  first  aid  at  all  of  company  J  properties. 
A  new  group  of  men  is  continually  being  trained,  so  that  at  present  there  is  a  large  number 
of  first-aid  trained  men  at  every  mine.  In  case  of  an  injury,  the  man  gets  first-aid  treat¬ 
ment  and  if  it  is  at  all  serious  he  is  directed  to  report  at  once  to  the  physician.  The 
emergency  work  is  done  by  the  first-aid  man,  and  the  injured  person  is  sent  at  once  to  the 
hospital . 

Accident  Reports.-  Each  doctor  makes  a  report  of  every  man  who  comes  to  him  with  an 
injury.  In  Michigan  a  weekly  report  is  required  from  the  doctor  upon  each  case,  as  it  is 
necessary  to  pay  compensation  weekly.  In  Minnesota  a  report  is  required  but  once  a  month, 
as  the  compensation  in  that  State  is  paid  monthly.  An  original  report  on  each  accident  is 
made  out  by  the  foremen  on  a  form  headed  "Report  of  Personal  Injuries  to  Employees,"  a  copy 
(5)  of  which  is  attached.  A  copy  of  the  form  used  for  the  physicians'  reports  (13)  of  the 
accident  is  also  attached. 

In  all  cases  the  doctor  makes  a  full  record  of  the  injury  with  the  estimated  time  of 
disability.  The  company  has  gone  over  its  accident  records  which  have  accumulated  since  it 
came  under  the  compensation  law  of  Michigan  in  September,  1912,  and  the  compensation  law  of 
Minnesota  in  1913.  It  has  tabulated  the  duration  of  disability  from  various  specific  acci¬ 
dents,  such  as  a  broken  leg  and  a  broken  arm.  In  making  comparative  statements  of  accident 
severity  the  figures  derived  from  these  records  have  been  used,  considering  at  the  same  time 
the  estimate  of  the  doctor  in  the  particular  case. 

Reports  of  slight  accidents  which  do  not  involve  over  one  day's  lost  time  are  made  upon 
a  separate  form.  If  a  man  is  off  over  one  full  day  on  account  of  an  accident,  the  report  is 
made  out  upon  the  long  report  form.  A  separate  report  upon  each  serious  accident  is  made  by 
a  mine  safety  committee,  consisting  of  three  men  at  each  mine,  on  a  separate  form.  The  com¬ 
mittee,  besides  investigating  the  cause  of  the  accident,  makes  recommendations  to  prevent  a 
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recurrence  and  submits  a  report  to  the  superintendent  who  reports  his  action  to  the  manager 
and  the  safety  department. 

When  accidents  occur  to  equipment  a  report  is  made  upon  it,  regardless  of  whether  or  not 
an  injury  was  sustained.  This  report  is  made  on  the  attached  form,  "Report  of  Accident  to 
Equipment"  (6)  . 

In  classifying  the  accidents  the  day  of  injury  is  not  counted  as  lost  time,  the  men  re¬ 
ceiving  full  compensation  for  the  remainder  of  the  day. 

Return-to-Work  Policy.-  An  effort  is  made  to  get  an  injured  man  back  to  some  work  as 
soon  as  possible  following  the  injury,  because  the  company  has  found  from  experience  that  a 
man  is  better  off  when  engaged  in  some  useful  occupation  than  he  is  when  idle;  provided  that 
the  work  upon  which  he  is  placed  does  not  aggravate  the  injury,  this  company  has  found  that 
being  occupied  at  some  work  which  an  injured  man  can  do  hastens  his  recovery.  This  return 
to  work  is  arranged  by  the  agent  of  the  compensation  department  and  the  officials  of  the  mine 
in  connection  with  the  mine  physician. 

It  frequently  happens  that  a  man  is  temporarily  put  on  some  other  work  than  his  regular 
job,  or  some  lighter  work,  until  he  has  enough  strength  and  ability  to  enable  him  to  do  his 
regular  work.  The  Michigan  law  provides  that  if  a  man  returns  to  work  at  a  different  occupa¬ 
tion  than  the  one  at  which  he  was  injured  and  earns  less  wages  than  he  was  earning  at  the 
time  of  the  injury,  the  company  is  obliged  to  pay  him  weekly  two-thirds  of  the  difference 
between  the  rate  he  was  earning  at  the  time  of  injury  and  the  rate  at  which  he  is  temporarily 
reemployed . 

The  company  has  operated  a  pension  fund  since  January,  1909.  There  is  a  pension  board 
which  passes  upon  all  applications  for  pensions,  the  requirements  of  which  are  25  years  or 
more  of  service  and  65  years  of  age.  The  monthly  pension  is  1  per  cent  for  each  year  of  ser¬ 
vice,  based  on  the  average  monthly  wage  for  the  last  10  years. 

Company  J  has  no  provision  for  death  payments  outside  of  what  is  required  by  the  compen¬ 
sation  laws.  However,  frequently  it  helps  families  in  case  of  emergency. 

For  many  years  an  accident  fund  was  maintained  at  the  properties  of  the  company.  The 
men  paid  into  this  fund  30  to  50  cents  per  month  and  the  company  contributed  an  equal  amount. 
Payments  were  made  from  this  fund  in  cases  of  accidents  which  occurred  to  men  while  at  work 
for  the  company.  When  the  State  compensation  laws  were  enacted,  the  collection  of  this  fund 
was  discontinued,  the  amounts  on  hand  being  paid  out  as  originally  planned  for  in  cases  of 
accidental  injuries.  During  this  period  the  compensation  payments  required  by  law  were  much 
lower  than  they  are  at  present,  so  that  the  men  who  had  contributed  to  these  funds  were  bene- 
fitted  to  that  extent. 

Insurance  was  carried  at  the  Minnesota  properties  of  company  J  before  enforcement  of  the 
compensation  law.  Since  coming  under  the  compensation  law,  however,  under  the  accepted  pro¬ 
visions  of  the  law,  the  company  has  carried  its  own  risk  and  paid  the  compensation  direct  to 
the  man  or  his  dependents. 


COMPANY  K 

Medical  Service.-  New  employees  are  given  a  physical  examination  before  employment  by 
company  K.  If  the  men  leave  its  employ  and  return  after  one  month's  absence  they  are  requir¬ 
ed  to  take  a  reexamination.  Old  employees  are  reexamined  at  stated  periods.  Hospitals  and 
dispensary  service  are  available  to  the  men  at  all  mines.  Men  are  given  first  aid  at  the 
mine  in  case  of  a  slight  injury  and  then  sent  to  the  doctor  for  further  treatment.  Failure 
to  report  any  accident,  no  matter  how  trivial,  is  considered  an  infraction  of  the  company 
rules  and  sufficient  cause  for  dismissal. 
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Accident  Reports.-  Reports  of  accidents  are  made  by  the  doctor,  the  safety  department, 
the  foremen,  and  the  workmen's  committee.  A  report  is  made  to  the  State  industrial  commis¬ 
sion.  In  case  an  injury  requires  a  man  to  quit  his  work  for  the  day.  he  is  paid  full  time 
for  that  day.  and  lost  time  does  not  start  until  the  following  day. 

When  a  man  is  injured  he  is  not  allov/ed  to  return  to  work  until  the  doctor  reports  that 
he  is  fully  able  to  return  to  the  job  he  left.  It  is  not  the  policy  of  the  company  to  place 
injured  men  on  light  work  or  to  transport  them  to  the  job  if  they  are  unable  to  travel. 
Rarely  is  a  man  given  work  at  some  other  job  before  he  can  return  to  his  regular  job  and  if 
it  is  done,  it  is  not  done  to  conceal  or  lessen  the  length  of  disability.  Company  K  states 
that  it  never  puts  a  man  on  light  work  for  the  purpose  of  obtaining  a  better  accident  disa¬ 
bility  record. 

At  the  time  the  injured  man  reports  to  the  doctor. he  estimates  the  number  of  days  that 
the  man  will  be  away  from  work  and  states  this  in  his  accident  report.  After  15  days  the 
doctor  makes  another  certificate  checking  this  estimate.  If  the  injured  man  is  able  to  re¬ 
turn  to  work  before  15  days,  a  final  certificate  is  given  by  the  doctor  stating  the  time  the 
injured  man  went  back  to  work. 

Compensation  and  Welfare.-  Compensation  is  based  upon  the  compensation  laws  of  Minnesota 
and  Michigan.  The  company  has  not  established  any  separate  pension  fund,  death  fund,  or 
accident  fund,  basing  its  payments  entirely  upon  the  provisions  of  the  State  compensation 
laws . 

Company  K  is  a  self-insurer  and  rates  its  own  mines  and  the  compensation  and  insurance 
fund  upon  the  previous  experience  of  the  mine,  setting  aside  enough  money  to  take  care  of 
probable  accidents. 


COMPANY  L 

Medical  Service.-  All  new  employees  of  company  L  are  given  a  physical  examination  before 
they  are  hired;  all  old  employees  are  given  an  examination  by  the  mine  doctor  once  a  year. 
Any  man  who  quits  his  job.  or  is  discharged,  or  any  man  who  takes  leave  of  absence  for  over 
30  days  must  be  reexamined  as  a  new  employee.  This  does  not  apply  to  men  who  are  laid  off 
due  to  a  temporary  shutdown. 

The  mine  doctor  has  until  recently  had  a  hospital  of  his  own  where  the  mine  patients  are 
taken  care  of.  A  new  32-bed  hospital  was  built  by  the  mining  companies  of  the  district  in 
1930. 

All  cuts,  scratches,  bruises,  and  minor  injuries  are  treated  by  first-aid  men  or  by  the 
safety  engineer  in  the  dry  house.  If  the  injury  is  of  such  a  nature  that  it  requires  the 
doctor's  attention,  the  patient  is  sent  at  once  to  him  for  treatment.  The  doctor  decides 
whether  a  man  returns  to  work  after  an  injury.  An  accident  check-up  system  has  been  per¬ 
fected  whereby  it  is  known  at  the  end  of  each  shift  whether  an  accident  of  any  kind  has  oc¬ 
curred.  This  system  originated  as  a  result  of  serious  infections  developing  from  small  cuts 
and  bruises  of  which  the  foreman  had  no  knowledge.  With  this  system  in  force,  no  injured 
employee  can  leave  the  property  without  first  receiving  medical  treatment.  A  slip  is  put  up 
in  the  dry  house  each  day  with  each  employee's  check  number  printed  upon  it.  If  a  man  re¬ 
ceives  a  cut.  bruise,  or  any  small  injury,  he  puts  an  "0"  after  his  number  as  he  leaves  at 
night;  if  he  received  no  injuries  whatsoever,  he  places  an  "X"  after  his  number.  Whether  he 
is  injured  or  not  he  must  mark  the  card. 

Accident  Reports.-  The  doctor  makes  a  report  of  the  injury  as  to  the  nature  and  the 
cause.  The  safety  department  gets  a  report  of  the  injury  from  the  underground  foreman,  and 
the  foreman's  report  is  also  sent  to  the  office. 

In  classifying  accidents,  the  day  of  injury  is  not  counted  as  lost  time  if  the  man  is 
paid  full  time  for  the  day  injured. 
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In  returning  a  man  to  work,  he  often  returns  to  a  job  that  he  can  do  until  he  can  resume 
his  regular  job.  As  long  as  the  man  is  actually  employed  by  the  company,  whether  at  the  same 
job  at  which  he  was  injured  or  at  some  other  job,  it  is  not  classified  as  lest  time.  The 
severity  of  the  accident  is  determined  by  the  doctor,  and  it  is  he  who  decides  whether  the 
man  is  fit  for  shop  work,  underground  work,  or  if  he  is  able  to  go  back  to  work  at  all  for 
some  time.  He  must  present  a  clearance  from  the  doctor  giving  him  permission  to  return  to 
work  before  he  is  allowed  to  work  by  the  foreman.  Severity  and  frequency  charts  are  made  up 
each  month. 

Compensation  and  Welfare.-  Compensation  is  covered  by  the  provisions  of  the  State  com¬ 
pensation  law  which  allows  compensation  after  absence  of  7  days  due  to  injury,  the  amount 
varying  with  the  nature  of  the  injury.  Company  L  has  no  special  pension  fund  or  death  fund. 
It  is  self-insuring  under  the  State  compensation  law  and  sets  up  a  reserve  to  compensate  for 
accidents  by  charging  a  certain  percentage  of  the  payroll  each  month. 

Inasmuch  as  the  company  is  self-insuring,  any  reduction  in  the  accident  rate  has  a  di¬ 
rect  effect  upon  the  insurance  rate.  If  the  percentage  of  the  total  payroll  is  not  large 
enough  to  set  up  a  reserve,  it  is  increased. 

COMPANY  M 

Medical  Service.-  Company  M  requires  every  new  employee  to  pass  a  physical  examination 
and  also  reexamines  all  old  employees  every  year.  If  a  man  is  laid  off  over  30  days  he  is 
reexamined  upon  reemployment.  Hospital  and  dispensary  service  are  available  in  a  nearby  city. 
This  service  is  furnished  on  contract  by  the  doctor  in  charge.  The  doctor  furnishes  medicine 
as  part  of  his  contract;  the  company  furnishes  X-ray  equipment  and  power  for  operation,  main¬ 
tains  an  ambulance  and  pays  special  doctors'  fees  in  addition  for  certain  operations. 

For  slight  injuries  every  foreman  and  trammer  boss  is  supplied  with  a  pocket  first-aid 
kit;  larger  supplies  are  kept  at  convenient  points  underground;  this  includes  splint  boxes, 
first-aid  boxes,  and  blankets.  First-aid  treatment  by  the  foreman  is  always  followed  by 
treatment  at  the  dispensary. 

Accident  Reports.-  Several  forms  for  reports  on  accidents  and  diseases,  used  by  com¬ 
pany  M  are  attached  in  the  appendix.  A  report  is  made  by  the  foreman  on  separate  forms 
(8,  9,  1C).  The  safety  department  makes  a  first  report  (7)  to  the  industrial  cemmission; 
this  is  followed  by  a  supplementary  report  (19)  and  a  final  report  (27).  The  doctor  also 
makes  a  final  report  (20)  to  be  sent  to  the  industrial  commission  when  the  disability  exceeds 
three  weeks  or  where  there  is  permanent  disability. 

There  is  no  investigation  of  the  accident  by  a  workmen's  committee.  The  company  gets  a 
receipt  from  the  injured  man  upon  the  forms  attached,  shewing  that  compensation  has  been  paid 
or  that  final  settlement  has  been  made  (26,  28,  29) . 

In  classifying  accidents,  the  day  of  injury  is  counted  as  full  time  for  the  man,  re¬ 
gardless  of  what  time  of  the  day  he  was  injured.  In  returning  men  to  work,  company  M  has 
formed  a  policy  of  getting  men  back  on  the  job  as  soon  as  possible,  even  though  they  can  do 
only  light  work.  It  has  been  found  that  men  are  rehabilitated  more  quickly  by  this  policy. 
In  addition  to  getting  the  man  back  to  his  regular  work  more  quickly,  this  plan  also  gives 
the  man  an  opportunity  to  make  more  wages  than  he  would  receive  in  compensation  alone. 

Estimates  of  the  severity  of  cases  are  made  by  the  doctor  in  the  less  severe  cases. 

Compensation  and  Welfare.-  Compensation  is  governed  by  the  provisions  of  the  State  work¬ 
men's  compensation  law. 

The  attached  form  (31)  will  be  of  interest  showing  how  a  record  of  compensation  payments 
is  kept  in  the  company  office.  Another  form  (30)  is  attached  showing  the  record  of  fre¬ 
quency  and  severity  of  accidents.  The  company  does  not  have  any  separate  pension  funds,  or 
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death  funds,  or  accident  funds.  It  is,  however,  self-insuring  under  the  provisions  of  the 
State  compensation  law  and  maintains  a  fund  able  to  take  care  of  compensation  payments  ac¬ 
cording  to  the  experience  of  the  company  in  accidents. 

PROVISIONS  OF  MICHIGAN  AND  MINNESOTA  COMPENSATION  LAWS 

Michigan 

Compensation  and  Welfare.-  The  general  provisions  of  the  State  compensation  law  in 
Michigan  are  that  compensation  shall  be  66-2/3  per  cent  of  the  wages  paid  at  the  time  of  the 
injury,  with  a  maximum  compensation  of  $18  per  week.  No  compensation  is  paid  for  the  first 
week  of  the  injury,  unless  the  disability  causes  a  loss  of  time  of  6  weeks  or  more;  in  this 
case  the  first  week  is  then  paid  for.  In  case  of  death  payment  is  made  at  the  regular  rate 
for  300  weeks,  if  there  are  any  dependents.  If  there  are  no  dependents  to  receive  payment 
in  case  of  a  fatality  there  is  no  payment  made  except  a  payment  of  $200  toward  the  funeral 
expenses,  which  is  payable  in  all  cases.  In  case  of  total  disability  the  compensation  is 
continued  at  the  regular  rate  for  500  weeks.  The  law  requires  that  the  company  provide 
medical  aid  for  injuries  which  last  up  to  90  days.  Many  companies  however,  continue  the 
medical  service  even  if  it  extends  beyond  the  90  days.  Occupational  diseases  are  not  covered 
by  the  Michigan  law. 

Minneso  ta 

In  Minnesota,  compensation  is  paid  at  the  rate  of  66-2/3  per  cent  of  the  wages  with  a 
maximum  compensation  rate  of  $20  per  week.  The  waiting  period  in  this  State  is  one  week,  as 
it  is  in  Michigan,  but  payment  for  this  is  added  if  the  injury  extends  beyond  four  weeks. 
In  case  of  death  the  compensation  payments  are  continued  for  300  weeks  if  there  are  depend¬ 
ents.  If  there  are  no  dependents,  a  payment  of  $200  is  made  to  the  State  treasury,  this 
money  being  used  for  payment  of  disability  cases  not  covered  by  the  law.  In  addition,  a 
maximum  of  $150  is  required  to'be  paid  toward  burial  expenses.  In  death  cases,  where  com¬ 
pensation  is  paid,  it  is  paid  monthly  until  $7,500  has  been  paid,  regardless  of  the  rate  per 
week.  There  is  a  specified  rate  for  families  of  different  sizes,  all  subject  to  the  same 
maximum  of  $20  per  week.  If  a  widow  re-marries  and  leaves  no  other  dependents,  a  lump  sum 
is  paid  to  her  of  one-half  the  compensation  remaining  due,  but  not  to  exceed  two  years' 
compensation.  If  there  are  dependent  children,  the  compensation  continues  to  them  until  the 
end  of  the  period. 

There  are  many  provisions  in  both  the  Michigan  and  Minnesota  laws,  such  as  a  definite 
maximum  of  accident  payments  for  specified  injuries,  as  the  loss  of  a  hand,  foot,  arm,  leg, 
or  any  other  member.  For  details  of  these  amounts  reference  should  be  made  to  the  compensa¬ 
tion  laws  of  these  two  States. 
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APPENDIX 

The  following  figures  are  reproductions  of  various  accident  forms  used  in  the  Lake 
Superior  region: 

1.  Timekeeper's  check  sheet. 

2.  Doctor's  first  report  of  accident. 

3.  Doctor's  first  report  of  accident. 

4.  Surgeon's  report  of  accident.  .  ,  ' 

5.  Report  of  personal  injuries  to  employees.  ..  ........ 

6.  Report  of  accident  to  equipment. 

7.  Mine  safety  committee's  accident  report. 

8.  Foreman's  report  of  accident. 

9.  Foreman's  report  of  accident  and  first-aid  accident  report. 

10.  Foreman's  accident  report  and  company  accident  report. 

11.  Record  of  accidents. 

12.  Report  of  slight  accident. 

13.  Physician's  report  of  accident. 

14.  Final  certificate  for  payment  for  injuries. 

15.  Physical  examination  card  for  old  employees. 

16.  Employer's  first  report  of  injury. 

17.  Application  for  employment,  physical  examination  card,  and  physical  examination 

card  for  new  employees. 

18.  Industrial  commission;  first  report  of  accident  or  industrial  disease. 

19.  Supplementary  report  on  accidents  and  industrial  diseases. 

20.  Physician's  report  on  accident  or  industrial  disease. 

21.  Supplemental  report  of  fatal  accident. 

22.  Agreement  to  pay  compensation  to  dependents  on  account  of  death  of  injured  em¬ 

ployee  . 

23.  Agreement  with  injured  employee  in  regard  to  compensation. 

24.  Report  of  compensable  accident. 

25.  Report  of  noncompensable  accident. 

26.  Receipt  on  account  of  compensation. 

27.  Final  report  of  accident. 

28.  Receipt  on  account  of  compensation  for  injury. 

29.  Settlement  receipt. 

30.  Frequency  and  severity  table. 

31.  Summary  of  compensation  data. 

32.  Monthly  record  of  accidents. 

33.  Record  of  payments  as  per  award  of  industrial  commission  for  death  or  disability. 
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Doctor's  First  Report  of  Accident  Surgeon’s  Report  of  Accident 


I 

5 

a 


M  i 


i  i 

i  . 


I  - 

z  3 


I 

I 


t  i 


1 

s 

a  ^ 

w  V 

» 

1 

^  \ 

•  : 

j 

« 

*  ? 

'■  3  1 

4  8  ? 

8  i 

1 

> 

a 

|i 

» 

« 

1 

* 

j  ! 

a 

j  1 

=  h 

jt 

M 

a 

1 

• 

» 

i 

c 

< 

5 

i 

a 

•o 

? 

1  1 

S 

M 

• 

1 

1 

1 

^  c 
o  " 

1 

i  1 

a 

s  1 
1  t 

s 

'  1 

a 

• 

s  i 

'  s 

& 

M 

t 

e 

• 

1 

» 

• 

X 

S 

1  i 

i!  1 

1 

e 

fl 

« 

0 

1 

X 

S 

1 

P 

is 

g 

i 

1 

p 

s 

i  I 


;  I  I 

I  ^  5 

S  S 


iiM 


e 

Z 


i  i  i 


i 


Figura  3.-  Doctor's  first  report  of  accident  Figure  4.-  Surgeon's  report  of  accident 
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MINE  SAFETY  COMMITTEE  ACCIDENT  REPORT 

Mine _ 

1  Nune  of  Injured- _ Accident  Report  No. 

2  Date  tod  hour  of  Accident - 

3  Caoae  ui  Accident - 


4  The  Following  is  recommended  to  prevent  recurrence; 


Date 


Chairman 


Action  of  Superintendent  on  above  report 


Committee 


Superintendent 

Figure  7.-  Mine  safety  committee's  accident  report 
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Figure  8.-  Forenan'a  report  of  accident 
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Foreman’s  Report  of  Accident 
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Foreman 


First-Aid  Accident  Report 

Mint_ Time .  M. /9 

Name  and  No.  _ Coni.  No. 

Address  _ 

Cause  of  Acc  ident 


Nature  of  Injury 


Hota  could  accident  haae  been  preaenled? 


First  Aid  rendered  kn 
Material  used 


SiftHd 

- - mmvr 


Caritfiad  Cor  erf 


mjonMD  rexsW 


Figure  9.-  Foremar’.s  report  of  accident  and  first-aid 
iccident  report 
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Record  of  Accidents 


Accident  No . Name  of  injured  employee . - . 

Address . Ago . Nationality . Sex 

Single,  Married,  Widowed  or  Divorced .  Occupation . 

Department  or  branch  of  work . Was  this  regular  occupation  . 

If  not,  state  regular  occupation . — 

How  long  so  emjdoyed  . Place' of  Birth  . - . 

No.  of  children  under  16 .  Name  and  age  of  dependanU 

Date  of  Accident . .  19.... 

Hour  of  Accident  . . 

Hour  injured  began  work  . 

Was  fun  wages  paid  for  that  day . 

Daily  wage  employee  was  earning  at  time  of  accident  I . 

Working  hours  per  day  . . Days  worked  per  week 

Place  of  accident  in  detail  . . 

Cause  and  manner  of  Accident  . 


AOB 


SBLATIOmaiP 


Weekly  wage  $ 


ii! 


Nature  of  Injury  in  detail 


Length  of  time  lost  by  employee  . Date  of  return  to  work  . 

Total  amount  Medical,  Surgical  and  Hospital  Cost  | .  Funeral  Expense  $ 

Name  of  Attending  Physician  .  Address  . 

Name  and  address  of  Hospital  to  which  Employee  was  taken . 

Date  discharged  by  Physician .  . Final  result  of  injury  . 
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mPOBTANT  NOTICE— Report  on  tbia  blank  all  nUshl  aceWanta  on  aecoant  ot  which  an  employe  dooa  not  loan  ow 
ona  full  day'a  tlm*.  If  a  man  i*  off  o»ar  one  full  day  on  accoune  of  an  accMcnt  a  report 
uiuit  be  made  on  Form  77. 
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Figure  12.- 


Report  of  slight  accident 


Aeaidtou  must  ba  raporUd  on  Phyaieian't  Report  bafora 
payment  vUI  be  made. 

W^n  tha  injured  man  la  ready  to  reaumt  werk  thia  ear- 
tUcaU  must  ba  lant  at  enca  to  the  General  OAce.  T^a 
phyalcian  will  maka  out  this  Anal  cartifleata  for  pay- 
■•*1*  at  tha  aamr  tima  that  tJie  card  for  Injur^  man 
la  ilpned  by  him  for  praarntation  to  the  Mine  Ork 
rtaUny  that  the  cniploya  u  ready  for  work 
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Figure  14.-  Final  certificate  for  payment  for  injuries 


OLD  EMPLOY  EF.S 


THE  MINING  COMPANY 

PifYSICAI.  EXAMINATION 
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PreviousJv  evafiiiiicl  Uir - 

Age  -  Sjieak  l£ncl<*^h  _ 


.Co.  Date  . 
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Hearing  right  far  - 
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Hernia,  right  inguinal . 
IIIikmI  pressure 


,.  left  inguinal  . 


Condition  oj  heart  . 
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_Sp  Gr.  _ 


,  Sugar  . 


Symptoms  and  history  of  epilepsy 


Pres'ious  injuries  . 
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Recomscmlations . 
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Figure  15*-  Physical  examination  card  tor  old  employees 
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APPMCAIION  FOR  RMPLOYMBNT 

-HlBy  i  Itwii  >«. 

l»Mt»  lllr»«>  IMt»  <«>’»»  mt 

In  KiiH  An«  Yvn*  Motiiliw 

• _ ISiHt  Office.  ik>«  No. _ l<<M-Hllon _ Htrwt,  llouwo  No _ 

Niii  Ty _ llm-o  nirtli _ Ihiif  lUrHi _ 

M  r  d _ Wlil  r _ H  gl<» _ Nunu-  of  Wtr«» _ Addr.»i><« _ 

C'lillil  M  X«» _ Anew _ 

(»hfr  _ 

]*nwhl(m  Hom'iI _ _ _  Kx|HT>pnre  _ 

Art'  V>m  n  i'lUgon  nl  iIm-  r»H<‘U  Rlalrw _ 

Mavi*  V»H  Maili'  Ap|>H<atlnn  K«ir  (‘Ultfii  l*muTw 


»K<  ()IU>  OK  rUKVIOUS  KMIM.OYMK.NT  l»^Ht  R  VKAH8 


roMPA.VY 

tTTY 

CAPACITY 

KUdM 

TO 
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Adcln-Hw  of  Ih-pi'HiU'ntw  >n  Old  Country 
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MININ(;  CO. 

I'lIVSICAL  EXAMINATION 

Name _ A«i(lre?*>* _  (*htH-k  No. 

Age _ Speak  English _ Reiiii  and  write  Kngli.nh _ 

Vision  and  condition  right  eye  _ left  eye _ _ Trachoma _ 

Hearing  right  ear _ left  ear _ varicose  veins _ 

Hernia,  right  inguinal _ loft  ingiiina* _ ventral _ 

Condition  of  heart _ Rlood  Pressure _ 

Symptoms  and  history  of  epilepsy _ 

Kidneys  


Previous  injuries 
Deformities 


Miscellaneous 

Recommendations 

DaU  192 


M.  D 


ruo  No  _  . 

H»»  B.DioT«e8  THE  MINING  COMPANY 

PHYSICAL  EXAMINATION 

. Addrcii . . . Check  No . 

Prcviouily  examined  for  . . . . . Co.  Dale . . . . . 19 

. - . Speak  English  . . . . —  Read  and  write  English . . . . . 


Vision  and  condition  right  eye  . . . . left  eye . . . Conjunctivitis . . . .  Trachoma  . 

Hearing  right  ear ...» . . . .  left  car . varicose  veins . 

Hernia,  right  inguinal . . .  left  inguinal . . . . ventral . 

Blood  presaure  . . . . . . .y.iolie  . . diastolic . . 

Condition  of  heart . . . . . . . . . .  . 

Crine :  appearance _ _ _ _ Sp.  Gr _ 


S>'mptoms  and  hiitor)'  of  eptlepty  . . 


.  Sugar .. 


.  Albumin  . 


Prexiou*  injuries  ....... 

Deformities . . 


EMARKS: 


Recommendationa 
Date . . . 
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Figure  I  7. -  App I i ca t i on  for  eap I oy aen t .  p hy s i ca I  exaalnation 
card,  and  physical  examination  card  for  nee  employees 
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SUPPLEMENTAL  REPORT  OF  FATAL  ACCIDENT 

Mmke  wUliin  foiiH(><'n  (U)  ilajs  aftrr  ilralh  iif  rniplo)!-.  (Sis-  Siili  in.  Sis-  17.  I’l.  ;i  l.ii\v) 
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Ilf  all  tiijurisl  i-miilu.ve. 
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."i.  Kxiii't  last  address  nf  ilis-easi-il  niii|iln,\o - - 

1 1  tuiMsi-  iniitilH-r  iiihI  lutKi  ofTIn*) 

a  DATK  OK  ACriOENT  WIIUTI  UKSCLTEU  IN  DEATH  OK  DECKASKD  EMPU>Yi; _ 

7.  Date  of  deiiHi  of  cmplovr — .  . . —  -  ■  —  -  - - -  - 

5.  Dill  you  furnish  all  ahl  rvi|uiri*il  duriii}:  Huai  illiio-.-.v  —  . 

!K  Aunaiiir  of  <nnn|>oiisaf ion  (if  any)  (o  tJo<vas4'<l  oiiiployi>  liis  lioalh  % - 

1(».  Naiiio  aD(l  adilress  of  |H*rsoii  who  im'urn*«l  ilu*  o\)m'iis4*  of  burial  of  ihH-on.'OHl  <‘mployf  ■  . .  .  .  ,  ,  ,  ,  —  , 


n.  Namo  and  uddrt'ss  of  |ier>mii  to  whom  any  ex|N*iis(»  (»f  tliial  illia^ss  is  dmv 
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•TAtm  or  MicmcAR  _ 

DIFABmHT  OF  LAME  AEE  UTBCFIEI 
LANSPVC.  MlCnCAN 

REPORT  OF  COMPENSABLE  ACCIDENT 

w-fc-  1^,  gp  gtk  ttf  tlttr  McUkaL  (Se*  <Mi  S*®-  ^  •• 

o.>  ..  »T«n...D  ..  T..  ».r«.T...T  or  «.o.  ak»  .hdo«.t.  -orr  ..  .ad.  ..  to.. 

.  A.  ....  ..  ...  to  .n.r  ...  .,c,to.  to  ..  ...  "toto...  ..  ..to  ...  >^r,  1.  to-to  to  . 


N»o»«  of  aaployer...— . . . 

A3drctt  of  employer.. . . 

Nstare  of  boeioeo* . . . . 

LoceUon  of  ploat  or  place  of  work 

Name  of  Injured  employe . 

Addreaa  of  injured  employe.. . . — 


vbere  accident  occurred  . 


Occupation  of  Injured  employe . to — 

Waa  thii  regular  occupation?— . . 

How  long  ao  employed- . 

Sex _  Age. . 


'  flododlnt  •tfwt.  houM  nunUtr  aoO  poat  olTIc*.) 

0.  Department  or  branch  of  work . . 

-  10.  If  not,  atate  regular  occupation . 

..  IS.  Place  of  birth . .  . . 

10.  Single,  married,  widowed,  divorced 


Nonber  of  chlldra.  mrler  IS  ye.ri .  IT-  DATE  OP  ACCIDENT . . 

Her  ol  todtot . . . - . -  '»•  '>'8“  -»*  thAt  d.,.. 

Wa.  foU  *.ge  p.id  for  itj  of  injur,  (if  nol.  th.t  do,  mint  be  inclndod  in.  waiting  period)! - 

Drily  wage,  Mlary  or  emoloDirnt  employe  w»i  r.rolng  at  time  of  uridentAl  injury - - 

Arerage  weekly  wage  (This  U  ria  («)  time,  the  .mount  giren  under  item  81)  $ . 

Working  bour.  per  day . — .  Day.  worked  per  week . 

Place  of  accident  in  detail  — . - . . . - . - . 


to. 

tl. 

Sft. 

tt. 

to. 

t6.  Caoae  manner  of  accidenL.- 


97.  Natofc  and  exteot  of  injury  in  detail. 


99.  Name  of  attending  physician . — . - . - . 

to.  Exact  addreaa  of  attending  pbyaician...— . . . . — 

•0.  Name  and  addreaa  of  hospital  to  which  injured  employe  was  taken  (if  any) . . . -..to 


•1.  Name  of  inanraoce  company  carrying  employer’s  risk  on  date  of  accident. 
Date  of  Ihia  report.  . . - . ..to.to~..-.— 


(SIGNATURE  OF  EMPLOYER) . . . 

tTo  be  SixneO  In  INK.) 


By 


(Position  of  persoo  signing) . . . . . . 

(State  clearlr  potlUm,  official  or  otberwlat.  with  amplorar.) 

INITSCCTIONa 

This  raoert  ta  to  bo  made  bf  tba  empiorer  to  tho  DBPARTlfK.VT  Or  tjLBOft  AND  INDUSTAT  on  tba  Sth  4ar  roliowinf  tho  aceldani  whoa 
the  employe  baa  not  returned  to  worb  within  7  daya  after  the  oecldaot.  aad  la  ALWAYS  to  be  audo  la.  cases  of  loos  of  member  or  death. 

to  tha  aoeidcnl  eauaca  the  leaa  of  a  member,  state  exactly  what,  and  the  proelae  point  of  amputation:  for  esnmpla.  tho  indax  Itncer 
of  tha  rtebt  band  at  Uic  accond  >olnt.  or  the  left  arm  at  tba  elbow,  tba  rtcht  aya,  at& 

If  tha  omploya  la  entitled  to  compensation,  on  Arrweina&t  attould  ba  mada  and  Sled  with  tha  Daparunent  af  Labor  and  loduaCry  batwaar 
tha  Mb  day  aftar  tha  aaddaat  and  tba  14th  day  aftar  the  aoeldaot. 

ma  report  to  be  tnaliaii  to  the  Departin.-nt  of  Labor  and  tnduatry.  Lanelhf,  Michigan 

BTcnv  qi'KanoN  ok  this  wianh  scsy  ns  akiwbiibi»  poi.i.y>-iNroMrLSTK  on  ikospimitb  nnponTa 
KILL  NOT  nn  ACCKPTP.M. 


Figure  24.-  Report  of  compensaDle  accident 


oarwk  Wa.  A  'Sm  •«*«  *■•*)  wravu  wp  MUiwiwaw  iHfF-mOAOaoa 

DlfiPAKTMBNT  OF  LABOR  AND  INDUSTRY 
l  ajeautu  mtomoaj) 

REPORT  OF  NON-COMPENSABLE  ACCIDENT 

iiokf  in  all  cdSds  on  8th  day  nfter  Arndont  (Sc«  Sub.  (a).  Sec  17.  Pt.  9.  ).«w.) 

YnSbURM  IS  PORNISfSD  ST  THB  OCPASTUSNTOr  LASOR  AND  INDUSTRY  REPORTS  MU^  SB  WAOBOM  THISPOHM 

This  (apart  is  to  bs  mada  by  thaamnleyai  tp  thr  Dapaiimant  af  Labot  and  Indueirv  an  iKe  Sth  day  aftar  avary  acetdani  on  acwuai 
S  wAueb  tha  umaliw  Iona  no  tim.  e*  l»l^  tiat.  or  latwma  to  .vorb  wiibin  7  days  and  has  no  oampanaoiton  dua  it  ■«  nut  to  ba  AM 
M  aaaaa  af  laaa  of  momhar  or  daadi .  or  diMbitay  eoniinuins  mnir  than  7  days  if  tha  '"jured  employe  has  nol  faiurneel  tn  uof k.  sand 
Farm  Nw  B  inssaad  af  thw 

I.  Sonu  of  F.mplnyor -  .  _  __ 

t.  Addrtti  of  F.mplny^  - 

9.  A’afura  <if  intif  _  .  .  _ 

9-  Locclion  of  plant  or  plmot  w4«ra  anwifawf  aegurrad  _  _ _  .  _  _  — 

9.  Samt 

#.  Addrus  of  tmployt  {intindiny  adrssf,  Aoum  fium0«p  and  poafujftrr) 


7.  Occupofto/I  ef  omplaya  g,  AfS  g,  S#T. 

to.  DATE  OF  ACCIDENT _  II  Bovr  of  aa»d*nt _ 

If.  A’olura  ond  cows  of  _  -  - 


IJ.  Length  of  ftnw  loot  hy  employe  ■ 

U  DA  TE  OF  RETURN  TO  WORE _ 

tS.  Amount  of  medical,  euefieal  at%d  koepital  trpenet  (if  sny)  paid  up  to  date  of  report  I. 
16.  Name  of  attending  pAyaaa^ 

17  EeaH  addreee  of  attending  pkyataiaw  _  _  _  _  _ 

ff  Name  and  addrue  ef  hsspifaf  fo  tsihek  injtired  employe  teae  taken  (if  awy  i 


li  Name  of  ineuranee  tempeny  tarrying  empleyer'e  risk  an  date  of  aaeident. 


If  aaid  amaioya  bmaafaar  V 


naifiia  haiaa 

iQs  "B  ” 

Date  of  this  reports 


t  af  aatd  aaatdont  a  mpwrt  wtO  ba  •mmadiaidy  aeada  k 


(aiONATVBE  OF  EM  FLOY  ER). 

tmrmteammm 

n  napart  Staal  Sa  rmsy  SRSm  mm 

_ _ _ _ _ j  arwOeMa  a«e  la  ba  mpartad  aa  tSW  Va>w 

*§  IMS  Millg  •ra.^w  Ml  ba  np^d  M^r  S  e^ww  » 
TMIS aMM  ^ 


fT«b,  ta«U  <a  INR  t 


(Faatfian  of  prretut  ngning)^ 


Figure  25.-  Report  of  noncompensao I e  accident 
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STATE  or  MICHIGAN 

DEPARTMENT  OF  LABOR  AND  INDUSTRY 

RECEIPT  ON  ACCOUNT  OF  COMPENSATION 

(Sm  Sub.  (d)  Sm.  1 7.  Pt.  3.  Law) 

Receipt  for  the  . . . . week  of  ditebility. 

THIS  FORM  18  rtR>H8HED  BY  THE  DEPARTMENT  OF  LABOR  AND  INDI  STRY.  Rerrlplo  Mu4  he  Made  m  TIiU  Form. 


•!  ta^rae 

RECEIVED  OF . 


•!  rmplwyar.) 


(Mm*  •#  «^Uj*r  M  iaaatwr.) 

die  eum  of . . . . . - . dollart  and  . . cent* 

being  the  proportion  of  the  %eeekly  wage*  of  my* . . . . . . . 

FROM  the . . . . . . . day  of . 19 

TO  the  . . . . . . . day  of .  |9 

(INCLUSIVE),  due  under  the  Michigan  Workmen**  Compenaation  Law.  iubject  to  review  by  the  DepArtmeni  of 

Ubor  and  Induetry.  SAID  ACCIDENT  OCCURRING  ON  THE . day  of . !9 

while  injured  employe  wa*  in  the  employ  of . . 


Date  of  thi*  receipt.. 


\Tn*T*MP S  (Tw  wUawf  ■  la  ta»  af  w»loy» 

wt  I  ardaaaaeaai*  Ml*T  *«>•»  !•  INM.) 


.19.. 


tSIfCkalwra  of  Mnploy*  cr  *'r»a*a*l  !• 


aad  bwaa#  aHat»#r.w-Tbla  VtHT  ba  Btiad  la.i 


(City  or  vlllacr  ofiif  alata^^Tbl*  MI  NT  b#  fUird  la.) 

RECEIPTS  NOT  ACCEPTED  INLESS  W  'TNESSKD  \M)  .SKAKD  IV  IVK. 


~aotr.  Bar^-^v^e  *r  athar.  i*  (ba  <eae  ba. 


r«s  N»  a  Gee  RoM  “D  '*) 


STATE  OF  MICHIGAN 

DEPARTMENT  OF  LABOR  AND  INDUSTRY 

Laneing,  Michigan 


RECEIPT  ON  ACCOUNT  OF  COMPENSATION 

(Saa  Sub.  (d).  Sac.  I  7,  Pt  3.  Uw.) 

Receipt  for  the.... . weak  of  diaakilitr. 

THIS  FORM  IS  FURNI:HED  BY  THE  DEPARTtiflEr^  OF  LABOR  AND  INDUSTRY.  Receipt#  Mutt  ba  Meda  ee  TK«  far*. 


(Na««  a(  tajerai  «splaf«.) 

RECEIVED  OF . 


(Nema  ef  f* loyia.) 


(Naaa  af  aaployar.  laiennca  canpaar  ar  Coaialitlaaar  af  rataraaea.) 

the  ium  of . . . . . doller*  and  . . . cente 

bain(  the  proportion  of  the  weekly  wages  of  my* . . . 

FROM  the . day  of . . . . . |9 . 

TO  tka  . - . day  of . . . |9 . 

(INCLUSIVE),  due  under  tha  Michigan  Workmen'.  Compenution  Law,  aubject  to  review  by  the  Dcpartmeai  af 

Labar  and  lndu.try.  SAID  ACCIDENT  (XXURRING  ON  THE . day  ol . 1 9 . 

while  injured  employe  waa  in  tba  employ  of . 


Date  of  thi.  raeafpt . 

VUfTKJCCCpC  (Twf*  taiintiM*  tr>  «*«  •Imataca  af  raiplaya 
Wl  I  ^  daptadaat#  MUST  tifa  bale*  la  IKIC) 


.19.. 


rS>tM<ur«  af  tatplar*  ar  '‘-|iiiilaii  u  Vn’k . 

(Suwi  tad  houar  aaiaKrr.-^it  vi'ST  | 


iCfiy  ar  t.ltjfa  aad  TbU  Ml^T  W  flWwi 

RF.CP.IPTS  NOT  ACCEPTF.D  UNLESS  WI1NE5SE0  AND  SIGNED  ;N  |VgC 

_  ‘  ■*  ••I'*’  W  •>>'  PrRaHpr.M  «(  Llk*.r  .rt  If^d  f.tr,.  I  .....r j  JtOOV  A.-t  IT  l.t  Hlf.Vf® 

•  Jia''  .lifb^an.l  or  jtbrr  aa  iba  ra*r  laar  V« 
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RECEI\^D  of  The  Mining  Company,  the  sum  of 

. . . .  Dollars '$  . 

being  the  proportion  of  my  weekly  wages  for  the  . week  of  disability, 

from  . 19 .  to .  . 19 . ,  mclusive. 

due  under  the  Wisconsin  Workmens  Compensation  Law,  subject  to  the  review  of  the 
Industrial  Commission  of  Wisconsin,  said  accident  occurring  on  19  . , 

while  in  the  employ  of  The  Mining  Co. 


Witness:  .  . 


Figure  28.-  Receipt  on  account  of  compensation  for  injury 
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Doitd  ot _ iht _ doy  of  -  192^^ 

WirNMSSBD  BY 

Computation _ _ _ 


Figure  29.-  Settlement  receipt 
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1.  GBAVITATIQNAL  METHODS 

(413)  COREECTION  TOPOGEAPHIQUE  EEMTIVE  A  L‘EMPLOI  DE  LA  BALANCE  DE  TORSION 
(TOPOGRAPHIC  CORRECTION  WITH  RELATION  TO  THE  USE  OE  THE  TORSION  BALAITOE) 

By  C.  Alexanian 

Congres  International  des  Mines,  Liege,  1930,  June,  MeWire  No.  36,  pp. 269-274. 

The  author  descrihes  a  new  and  general  method  of  topographic  correction. 
The  article  consists  of  the  following  three  headings: 

1.  Introdiiction.’ 

2.  Principle  of  the  new  method. 

3.  Mathematical  consideration  of  the  method. 

The  translation  of  the  author's  abstract  reads  as  follows: 

The  author  proposes  to  apply  for  each  section  of  topographic 
configuration  around  the  torsion  balance  a  well-defined  hyperbolic 
paraboloid  (minimum  surface  of  the  second  degree);  this  makes  pos¬ 
sible  a  complete  integration  of  expressions  relative  to  this  cor¬ 
rection  without  the  necessity  of  applying  approximations  admitted 
■  so  far.  For  this  purpose  the  formula  used  by  Eotvos  is  only  a 
particular  case  of  that  proposed  by  the  author. 

Two  figures  and  a  number  of  tables  which  may  be  used  by  prospectors  are 
added. — W.  Ayvazoglou. 

(414)  GRAVIMETRIE  DES  FORMATIONS  PETROLIFERES 
(GRAVIMETRY  OF  PETROLEUM  FORMATIONS) 

By  Arnaldo  Belluigi 

La  Revue  Petroldfere,  Paris,  No.  417,  1931*  pp.  405-411. 

A  detailed  mathematical  discussion  on  the  effect  of  gravity  on  petroleum 
formations  is,,  given. 

Graphical  determination  of  gravimetric  influences  is  explained. — 

W.  Ayvazoglou. 
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(415)  SCHWEREI^LSSSIINGEN  m\ID  &SOLOGIE  VON  MITTELiLSIEN 
(GRAVITY  lIEASIjRElvlENTS  AlID  GEOLOGY  OE  CENTRAL  ASIA) 

. - By  Pavel  Savitsky 

Gerlands  Beitrage  2rar  Geophysik,  Leipzig,  vol.  J)Q,  No.  3/4»  1931*  PP*  277-280. 

By  comparing  the  gravitation-stations  with  the  geological  maps  of  Central 
Asia  the  limits  of  areas  with  regard  to  gravimetrical  data  may  he  fixed  as 
follows;  ••  , 

1.  The  Ferghana  Valley  is  characterized  hy  considerable  negative  anomalies, 
which  can  he  attributed  to  the  lowering  of  the  rock  layers  caused  hy  the  com¬ 
pression  of  the  earth  crust  owing  to  the  pushing  up  of  masses  (Alaiden) . 

2.  The  region  of ‘the  Karakul  Lakes  (Pamir)  has  positive  anomaly,  .charac¬ 
teristic  of  plateaus.- 

3*  Kalan-Wamar  represents  the  most  considerable  negative  anomaly  in. 
Central  Asia. 

4.  The  region  of  the  Issyk-kul  Lakes  has  positive  anomaly,  probably  due 
to  the  great  mass  surplus  below  the  bottom  of  the  lake. 

5.  The  Choresmic  positive  anomaly  is  caused  by  the  presence  of  massive 
crystalline  rocks. 

6.  The  Krasnovodsk  positive  anomaly  may  be  attributed  to  the  extension 
of  the  intrusive  and  mass  crystalline  rocks. 

The  comparison  of  the  value  and  of  the  sign  of  the  anomalies  with  the  age 
of  the  geological  formation  shows  the  prevalence  of  positive  anomalies  in  the 
regions  of  the  old  and  intrusive  crystalline  rocks  and  the  predominance  of 
negative  anomalies  in  the  regions  with  rock  of  later  ages. — Author’s  abstract 
translated  by  W.  Ayvazoglou. 

(416)  INTERPRETATION  DES  ANOIvIALIES  GRAVII.IETRIQUES  ET  I/LAGNETIQUES  DE  L ‘ALSACE 
(INTERPRETATION  OF  GRAVIIiaTRIC  AND  LiAGNETIC  ANOMALIES  IN  ALSACE) 

By  J.  Jung  and  C.  Alexanian 

Annales  des  Combustibles  liquides,  Paris,  vol.  6,  No.  1,  1931,  pp.  43-58. 

In  the  Introduction  to  this  article  the  authors  observe  that  the  study 
of  gravimetric  and  magnetic  anomalies  of  the  earth's  crust  lias  been  directed 
during  the  last  years  into  two  almost  independent  courses:  The  development 
of  local  geophysical  prospecting  for  ore  deposits,  and  the  astablishment  of 
large  nets  of  stations  for  obtaining  data  on  phj’-sical  properties  of  large 
areas  and  even  of  whole  continents.  In  comparing  these  two  courses  with  local 
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topographic  survey  and  a  geodetic  triangulation,  the  authors  consider  it  evi¬ 
dent  that  in  the  future  the  development  of  studies  of  regional  geophysics  will 
he  brought  into  accord  with  the  local  geophysical  investigation  and  will  serve 
as  a  basis  for  this  latter  prospecting.  As  these  conditions  exist  alreac3y, 
more  or  less,  in  Alsace  the  authors  have  chosen  this  country  for  examining  the 
problem  of  interpretation  of  the  gravimetric  and  magnetic  anomalies  of  this 
area. 


The  question  is  discussed  under  the  following  headings: 

1.  G-ravimetric  and  magnetic  anomalies;  Gravimetrical  measurements  used; 
measurement  of  density  of  rocks;  corrections  applied  to  the  calculation  of 
anomalies;  new  values  of  gravimetric  anomalies  (given  in  a  table);  new,  map 
of  gravimetric  isanomalies;  magnetic  measurements  used;  magnetic  anomalies 
(shown  in  a  table);  a  map  of  isanomalies  of  Z. 

2.  Comparison  and  significance  of  anomalies;  Reason  for  gravimetric 
anomalies  caused  at  great  depth;  anomalies  of  the  supracrystalline  origin  in 
the  Posse  Rli^nan  (Rhine  Valley);  anomalies  of  the  infracrystalline  origin  in 
the  Vosges;  significance  of  magnetic  anomalies;  significance  of  magnetic  and 
gravimetric  anomalies;  reason  for  infracrystalline  anomalies;  depth  of  basic 
infracrystalline;  relation  between  the  infracrystalline  anomalies  and  the 
geology  of  the  surface. 

Pour  maps  complete  the  article. — W.  Ayvazoglou. 

2.  laGNETIC  METHODS 

(417)  USER  DIE  ERMITTLUIIG  TEKTONISCHER  LINIEN  MITTELS  DER  MAGEETISCHEN 
PELDWAAGE  IN  GEDIETEN  GERINGER  UNTERSCHIEDE  DER  MAGNETISCHEN 
VERTIKALINTENSITAT,  IM  BESONDEREN  IN  NORDDEUTSCHLAND 

(ON  THE  DETERinNATION  OP  TECTONIC  LINES  BY  MEANS  OP  A  MAGNETIC  PIELD 
BALANCE  IN  PJIGIONS  WITH  BIJIALL  MAGNETIC  VERT  I  CAL- INTENSITY 
DIPPERENCES,  ESPECIALLY  IN  NORTH  GERMANY) 

By  E.  Kohl 

Kali  und  verwandte  Salze,  Berlin,  vol.  25,  Nos.  14,  15,  and  16,  1931f  PP«  209- 

215,  225-230,  and  241-243 

Based  on  a  series  of  examples,  described  and  illustrated  in  this  article. 
Kohl  draws  the  following  conclusions: 

Summing  up  the  results  of  a  series  of  investigations,  there 
is  no  doubt  that  the  determination  of  the  tectonic  elements  and 
lines  in  regions  with  small  magnetic  intensity  differences,  as 
for  example  in  North  Germany,  is  absolutely  possible  by  using 
the  present-day  magnetic  instruments.  Prom  a  practical  viewpoint 
this  is  important  for  the  discovery  of  ore  deposits  connected 
partly  with  the  tectonic  lines  or  lying  in  the  neighborhood  of 
these  lines.  On  the  other  liand,  the  magnetic  method  of  pros¬ 
pecting  may  be  of  value  to  geology  for  making  clear  the  tectonic 
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conditions  in  such  areas  the  surface  maps  of  which  cannot 
serve  the  purpose  owing  to  the  coverings  of  younger  periods 
and  if  there  are  no  mines,  as  often  happens  in  north 
G-ermany . 

Although  a  scientist  often  refuses  to  accept  the  lines  resulting  from  the 
isonomal  maps,  considering  them  to  he  of  insufficient  value  for  his  purposes, 
they  still  may  give  him  valuable  indications. 

Distrust  is  often  shown  with  regard  to  the  accuracy  of  measurements 
attainable.  The  reason  is  because  the  present-day  instruments  are  much 
affected  by  temperature  variations,  thus  great  care  is  required  to  obtain  the 
necessary  accuracy  of  measurements.  The  new  magnetic  systems  with  improved 
temperature  compensation,  now  under  construction,  will  perhaps  make  it  possible 
to  attain  the  maximum  accuracy  more  easily  or  even  to  increase  the  accuracy  of 
measurements. — ^Author’s  abstract  translated  by  W.  Ayvazoglou. 

SEISMIC  METHODS 
(418)  SEISMIC  PROSPECTING 
By  L.  Don  Leet 

The  Military  Engineer,  Washington,  D.  C.,  vol.  23,  No.  I30,  I93I,  pp.  326-330. 

In  a  brief  historical  sketch  the  author  mentions  the  first  experimental 
determinations  of  elastic-wave  velocities  made  by  R.  Mallet  (1856)  and  the 
development  of  these  experiments  since  1913  (Reginald  A.  Eessenden) .  The 
discoveries  of  salt  domes  in  Texas,  Louisiana,  Oklahoma,  and  other  States  of 
the  United  States  by  seismic  prospecting  are  noticed. 

Basic  theory  of  seismic  prospecting,  explanation  of  terms  and  formulas 
expressing  the  velocities  of  the  P-waves  and  S-waves  are  given. 

The  two  next  sections  of  the  article  deal  with  ’’Straight-line  time- 
distance  graphs"  and  "Curved  time-distance  graphs." 

In  discussing  field  procedure  and  large-scale  prospecting,  the  author 
gives  some  figures  of  the  cost  of  operating  a  standard  seismic  troop  in  the 
Gulf  Coast  salt-dome  area  ($15,000  to  $20,000  per  month,  the  acreage  covered 
in  reconnaissance  shooting  being  from  150,000  to  300*000  acres).  Although 
the  seismic  method  is  so  far  used  mainly  for  discovering  salt  domes,  one 
conpany  established  last  summer  that  by  contouring  the  surface  of  a  nepheline 
syenite  batholith  in  Arkansas  they  could  effectively  prospect  for  bauxite, 
the  ore  of  aluminum. 

The  predicted  depth  was  computed  as  218  feet  +  6  feet.  The  drill  en¬ 
countered  syenite  at  220-^  feet.  The  seismographic  conputations,  incidentally, 
showed  also  that  there  was  a  sudden  change  in  material  at  55  feet.  At 
approximately  that  depth,  the  drill  reached  the  bottom  of  a  loose  sand  and 
encountered  a  wet,  sticky  clay.  Tlaerefore,  there  is  no  reason  why  the  method 
can  not,  as  a  matter  of  regular  production  routine,  locate  similar  abmipt 
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velocity  discontin'ui.ties  with  an  error  of  less  than  5  per  cent.  The  possi- 
hility  of  appli^tion  of  the  method  in  prospecting  dam  sites  and  "building 
foundations  is  mentioned  also. 

In  the  last  section,  "Present  status,"  the  author  says^r 

Seismic  prospecting  has  developed  with  amazing  rapidity,  hut 
its  growth  has  hesn  neither  healthy  nor  normal.  It  has  reached 
a  stage  where  it  is  imperative  that  some  "broad  programs  of  uni¬ 
versity  research  he  devoted  to  a  solution  of  its  problems,  whether 
immediate  financial  returns  from  their  solution  seem  likely  or  not. 

It  must  he  recognized  that  seismic  prospecting  is  not  a 
separate  and  distinct  branch.  It  is  a ‘tool  for  the  geologist, 
and  only  as  such  can  it  attain  any  satisfactory  degree  of  use¬ 
fulness. --W.  iyvazoglou.  ■  ■ 

(419)  SEISMOGRAPH  WORK  WITH  EXISTING  WELLS 

•  •  ,  t ' 

By  Burton  McCollum  and  Wilton  W.  LaEue 

The  Oil  and  Gas  Journal,  Tulsa,  Okla.,  vol.  30,  No.  5,  I93I,  pp.  24,  81-82. 

The  authors  explain  some  of  the  recent  seismic  methods  for  exploration 
of  the  territory  surrounding" the ■ existent  wells  for,  vary,  deep-seated  domes. 

Tlie  principle  of  the  method,  consisting  of  innning  a  detector  of  seismic  waves 
to  the  bottom  of  a  wildcat  well,  is  explainedi 

.  In  describing  the  practical  utilization  of  the  method  the  authors  believe 
that  in  view  of  a'  very  large  number '  of- wells  now.  existing  around  various  salt 
domes  in  the  Gulf  Coast,  this  method  can  he  made  very  effective  in  exploring 
this  region  for  domes  to  a  substantially  greater  depth  than  has  heretofore 
been  possible  by  the  usual  surface  method  cf  operation.  A  diagram  illustrates 
the  method  for  deep  exploration  of  regions  surrounding  known  domes;  diagrams 
also  show  the  use  of  a  well  for  profiling  the  mushroomed  flank  of  a  salt  dome, 
for  determining  the  position  of  a  fault  plane  at  various  depths,  and  of 
exploring  the  side  of  a  dome  opposite  a  well  for  mushrooming. 

A  typical  record  made  with  the'special  seismic.. wave  detector  in  a  well 
at  a  dept"h  of  6,690  feet  and  a  shooting  distance  of  29,490  feet  is  given  in 
a  figure. — W,  Ayvazoglou. 

;./(420)  THE  FOBiATION  OF  LOVE  WAIVES  (QUERWELLEN) .  IN  A  TWO-LAYER  CRUST 

By  Harold  Jeffreys  .. 

Gerlands  Beitrage  zur  Geophysik,  Leipzig,  vol.  30»  3/^1  1931 •  PP*  33®“3^9. 

Ihe  generation  of  S  H  and  Love  waves  from  an  impulsive  source  is  con¬ 
sidered.  It  is  found  that  the  disturbance  transmitted  through  the  lower 
layer  consists  of  a  series  of  overlapping  pulses-,  each  starting  at  an  instant 
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corresponding  to  the  time  of  transmission  of  a  pulse  that  has  undergone  an 
integral  number  of  reflections  in  the  uppef  layer.  The  recovery  after  each 
pulse  leads  to  a  train  of  waves,  the  superuosition  of  which  gives  the  Love 
waves. — Author ^s  abstract. 

(421)  SSISMOGRAMMFOEI£EN  UND  V0RGA.NGE  IM  HEHDGSBIST 

(FORMS  OF  SEISMOGRAMS  AND  PROCESSES  IN  THE  REGION  OF  THE  EPICENTER) 

By  G.  Krumbach 

Gerlands  Beitrage  zur  Geophysik,  Leipzig,  vol.  30,  No.  3/4,  1931,  pp.  351-365. 

Prom  a  practical  example,  a  Kamchatka  earthquake,  the  author  shows  that  in 
certain  epicenter  regions  very  characteristic  forms  of  seismograms  appear  even 
within  great  periods  of  time  and  large  regions  of  stations.  To  explain  this 
phenomenon  the  author  examines  the  influence  of  the  processes  in  the  region  of 
the  epicenter  in  general  and  tries  to  coordinate  the  results  obtained  with  the 
opinions  on  the  origin  of  earthquakes. — Author's  abstract  translated  by  ¥. 
Ayvazoglou. 

(422)  UBER  OBERPLACHENWELLEN 
(ON  SURFACE  WAVES) 

By  Tokunosuke  I to 

Gerlands  Beitrage  zur  Geophsik,  Leipzig,  vol.  30,  No.  3/4,  1931,  pp.  366-407. 

The  author  presents  a  detailed  mathematical  disciossion  on  the  following 
items : 

1.  Deduction  of  fundamental  relations  in  the  visco-electric  media. 

2.  Rayleigh-waves  in  visco-elastic  media. 

3.  Love-waves  in  visco-elastic  media. 

4.  Rayleigh  waves  in  case  of  cooscillation  of  a  retarding  earth’s  crust 

layer  in  visco-elastic  media. 

5.  Surface  shearing  waves  in  case  of  cooscillation  of  a  retarding  earth’s 

crust  layer  in  vicso-elastic  media. 

6.  The  influence  of  the  overlying  layer  upon  Rayleigh  waves. 

7.  Dispersion  of  surface  shearing  waves  with  layers  lying  one  above 

the  other  in  visco-elastic  media. — W,  Ayvazoglou. 

(423)  ON  THE  TRAI'ISMISSION  OF  SEISIHC  WAVES  ON  THE  BOTTOM  SURFACE  OF  AN  OCEAN 

By  Katsutada  Sezawa 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol.  9,  No.  2,  1931,  pp. 

115-142. 

1.  The  viscosity  of  water  gives  no  influence  upon  the  transmission  of 
Raylei^-type  waves  on  the  bottom  surface  of  an  ocean. 
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2.  The  compressibility  of  water  is  effective  only  on  the  movement  of  the 
superposed  water,  hut  not  on  the  motion  of  the  ground. 

3.  The  pressure  of  the  water  in  the  sense  of  forming  surface  water  waves 
is  of  a  great  importance  in  the  transmission  of  the  seismic  waves. 

4.  The  velocity  of  harmonic  waves  changes  with  the  wave  length,  and  this 
velocity  is  quick  or  slow  according  as  the  Wave  length  is  long  or  short.  There 
is  no  definite  critical  velocity  for  harmonic  waves  of  an  infinite  extent. 

5.  .  In  a,  two-dimensional  transmission  of  waves,  the  azimuthal  component 
'of  the  displacement  of  the  solid  as  well  as  of  the  water  becomes  quiescent  as 

the  distance  from  the  epicenter  is  increased. 

•V  ■  , 

6.  For  long  waves,  the  ratio  of  the  horizontal  component  of  the  displace¬ 
ment  to  the'  vertical  component  is  larger  than  that  of  the  ordinary  Rayleigh 
waves,  while  this  ratio  is  smaller  than  that  of  the  latter,  for  short  waves. 

7.  The  motion  of  the  water  particle  is  mainly  of  a  vertical  type. 

8.  However  concentrated  the  original  disturbance  may  be,  the  transmitted 
waves  are  of  a  disnersod  form.  As  the  distance  from  the  epicenter  is  increased, 
this  tendency  becomes  more  distinct. 

9.  The  dispersed  waves  are  apparently  of  an  oscillatory  type,  having  a 
tail  with  gradually  decreasing  periods  end  amplitudes. 

10.  The  leading  part  of  the  dispersed  waves  is  propagated  with  the 
velocity  of  the  ordinary  Rayleigh  waves. 

11.  The  phase  of  the  leading  part  changes  as  the  waves  proceed 
distance, 

12.  The  wave  lengths  of  the  oscillatory  part  become  larger  and 

the  forms  of  the  waves  are  more  and  more  flattened^ in, the  course  of 
gression  of  the  disturbance.  '  , T.  ,  ,,y 

13.  The  disturbed  portion  has  various  group  velocities,  depending ' upon 
the  harmonic  elements  involved  in  that  -oortion.  Tile  maximum  of  the  group 
velocities  is  the  same  as  that. of  Rayleigh  waves,  and  this  maximum  velocity 
corresponds  with  the  harmonic  element  of  an  infinitely  long  wave  length.' 

14.  The  phase  velocity  is  also  variable  for  different  parts  of  the  dis¬ 
turbed  waves . 

15.  When  the  effects  of  gravity  and  of  water  are  omitted,  the  transmitted 
waves  due  to  a  concentrated  disturbance  are  of  a  gradually  subsiding  type  with¬ 
out  ’  oscillation.— Author  ’s  abstract. 

J-  .  ■  I 
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(424)  ETUDE  PRSLIMimRE  SUR  L' ACCELERATION  DES  SEISINS 
(PRELIMINARY  STUDIES  ON  THE  ACCELERATION -OE  SEISMIC  WAIVES ) 

By  Mishio  Ishimoto 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol.  9,  No.  2,  1931,  pp. 

159-166. 

Ishimoto  describes  a  new  apparatus,  constructed  by  him,  assigned  for  study¬ 
ing  seismic  phenomena.  Studies  made  by  the  author  were  limited  to  establishing 
characteristics  of  shocks  from  the  viewpoint  of  acceleration.  The  apparatus 
was  installed  in  the  basement  of  the  Institute  and  observations  were  made  during 
a  period  of  about  four  months. 

Results  of  24  observations  are  shown  in  a  table  and  the  reproduction  of 
some  typical  seismograms  is  given.  The  author  draws  the  conclusion  that  from 
the  viewpoint  of  acceleration  some  new  conceptions  of  seismic  movements  may  be 
established;  but  they  must  be  studied  by  using  another  method  of  registration, 
as  the  photographic  method  is,  in  the  opinion  of  the  author,  unsatisfactory  for 
this  purpose. — W.  Ayvazoglou. 

4.  ELECTRICAL  METHODS 

(425)  &BER  DIE  BERECHNUNG  VON  D.EEORlsilERTEN  ELEKTROMAGNETISCHEN 
FELDERN  IN  DER  GEOLEKTRISCHEN  PROSPEKTION 

(ON  THE  CALCULATION  OF  DISTORTED  ELECTROMAGNETIC  FIELDS  IN  GEOELEC¬ 
TRICAL  PROSPECTING) 

By  A.  Belluigi 

Erg^zungshafte  fur  Angewandte  Goophysik,  Leipzig,  vol.  1,  No.  4,  1931,  pp. 

365-372. 

The  magnetic  field  of  two  horizontal,  balanced  point  charges  on  the  sur¬ 
face  of  an  infinite  semispace  is  to  be  calculated.  An  interference  for  the 
lines  of  force  is  also  arranged  in  the  semispace.*  First,  it  is  shown  how  the 
current  distribution  in  the  semispace  is  influenced  by  the  interference.  The 
field  is  then  resolved  into  tubes  of  current,  the  deformation  of  the  current 
potential  is  calculated,  and  from  this  the  change  in  the  tubes  of  current. 

From  this  change,  according  to  Biot-Savart * s  law  and  by  means  of  such  graphic 
methods  as  used  in  gravimetrics,  one  derives  the  interfered,  vertical  com¬ 
ponents  of  the  magnetic  field;  figure  1  gives  the  current  strength  of  the  in¬ 
dividual  tubes  as  ordinates;  R  :  1  as  function  of  the  abscissas.  In  Figure  2 
the  radii  of  the  cross  sections,  the  centers  of  which  lie  on  the  X-axis  and 

throu^  which  l/lO,  l/20 . of  the  total  current  passes  at  intervals,  are 

given  as  ordinates;  the  distance  of  the  tubes  of  current  from  the  center  be¬ 
tween  the  point  charges  is  represented  by  the  abscissa.  Figure  3  gives  the 
contribution  of  the  various  current  lines  to  the  comuonents  of  the  strength 
of  the  magnetic  field, — Author’s  abstract. 
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(426)  SULL'  USO  DI  ELETTRODI  DISSIMILI  NELIA  PROSHZIOEE 
GEOELETTRiCA  DSL  SOTTOSUOLO 

(OE  THE  USE  OE  DISSIMILAR  ELECTRODES  IN  THE  GEOELECTRICAL  PROSPECTING 

OE  'THE  SraSOIL) 


■  By  Arnaldo  Bellui'gi 

Bollettino  della  Societa  Geologica  Italiana,  Rome,  vol.  50,  No.  1,  1931,  pp. 

■  57-62.  '  ■  ■■■:  ‘ 

Physical  interpretation  of'''tlie  results  of  geoelectrical  prospecting  with 
alternating  current  hy  using  dissimilar  electrodes- is  explained. 

A  practical  case  which  may  frequently  occur  in  the  study  of  oil-hearing 
fields  is  discussed. — W.  Ayvazoglou. 

(427)  EARTH  RESISTIVITY  SURVEYING 
By  G.  E.  Tagg 

t 

Engineering  and  Mining  Journal,  New  York,  vol.  131,  No.  7,  1931,  pp.  325-326. 

A  brief  description  is  given  of  the  earth  resistivity  method  of  geophysical 
surveying  according  to  the  system  of  measuring  the  specific  resistance  of  homo¬ 
geneous  earth,  described  in  the  U.  S.  Bureau  of  Standards  paper  entitled  "A 
method  of  measuring  earth  resistivity, "  by  E.  Wenner. 

The  interpretation  of  the  results  by  the  three  different  methods,  (l)  the 
empirical  method,  (2)  the  resistivity  map  method,  and  (3)  the  method  of 
theoretical  analysis,  is  explained. — Ayvazoglou. 

(428)  RESULTS  OE  ELECTRICAL  RESISTIVITY  AND  ELECTRICAL  INDUCTION 
MEASUREMENTS  AT  ABANA  MINE,  (QUEBEC,  CANADA 

By  E.'  Vernon  Potter 

U.  S.  Bureau  of  Mines,  Technical  Paper  501,  Washington,  1931,  28  pp. 

Contents ; 

Location  and  geology. 

Mineralogy. 

Acknowledgments. 

Electrical  resistivity  surveys:  Introduction;  principle  of  methods;  de¬ 
scription  of  apparatus;  precautions  in  using  Megger;  corrections  for  resistance 
in  p>otential  circuit;  correction  curves;  plotting  results ;  effect  upon  resisti¬ 
vity  of  geological  discontinuity;  choice  of  lines  of  observation;  field  obser¬ 
vations.  ■  ■  ,  '  . 
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locating  mineral  deposits  "by  alternating-c-urrent  methods:  Preliminary 
discussion;  elliptical  polarization;  artificially  produced  fields;  types  of 
alternating  current  fields;  field  apparatus;  circuit  arrangement  method  of  com¬ 
paring  major  and  minor  axes  of  ellipse;  field  layout;  interpretation  of  obser¬ 
vations;  determination  of  depth;  sources  of  error; issults  of  tests;  comparison 
of  methods. 

The  author  discusses  the  theory  as  V7ell  as  methods  of  surveying,  illus¬ 
trating  the  article  with  a  series  of  figures.  In  comparing  the  two  methods  the 
author  says : 

The  two  methods  described  in  this  paper  are  based  on  widely  differ¬ 
ent  principles,  and  each  has  its  own  special  field  of  application.  The 
resistivity  method  is  necessarily  slow,  but  very  detailed  results  are 
obtainable  from  its  correct  use.  The  alternating-current  method,  how¬ 
ever,  is  good  for  rapid  work,  but  does  not  reveal  the  details,  such  as 
depth,  slope,  etc.,  nearly  so  well.  A  combination  of  two  such  methods 
should  be  very  useful  in  making  a  survey  over  new  country,  the  alter¬ 
nating  current  method  being  used  for  a  preliminary  survey  and  the  re¬ 
sistivity  method  for  a  detailed  survey  in  interesting  points.  Needless 
to  say,  both  methods  discriminate  between  differently  conducting  bodies 
which  may  or  may  not  represent  mineralization.  These  surveys  are  of 
value  in  districts  in  which,  from  a  geological  viewpoint,  mineraliza¬ 
tions  are  likely  to  occur. 

Potter's  paper  is  completed  by  F.  W.  Lee’s  article,  "Explanation  of  some 
factors  associated  with  induction  method."  The  question  is  examined  under  the 
following  items:  Preliminary  discussion;  locus  of  magnetic  field;  mathematical 
relation  between  currents  and  magnetic  fields;  interrelation  of  parameters; 
specifications  of  measuring  circuit;  mathematical  relations  in  measuring  cir¬ 
cuit;  interpretation.  Lee’s  summary  of  the  article  reads  as  follows: 

Summarized  on  very  broad  principles,  the  exciting  loop  carrying 
an  alternating  current  may  be  considered  a  magnetic  shell,  the  strength 
of  which  varies  as  the  current  changes  in  the  wire.  The  direction  and 
intensity  of  the  field  may  be  computed  from  elementary  electrical  for¬ 
mulas.  This  alternating  magnetic  shell  energizes  other  magnetic  shells 
in  the  ground  by  magnetic  induction.  If  these  other  shells  have  sui'fi- 
cient  strength  they  may  be  located  by  comparing  their  strength  and 
direction  to  that  of  the  main  exciting  shell.  If  the  configuration  of 
these  detected  shells  have  the  proper  geological  forms  or  shapes  for  a 
certain  district  in  that  they  may  be  associated  with  proper  minerali¬ 
zation  they  should  be  more  carefully  investigated.  On  the  other  hand, 
erratic  results  may  indicate  conductors  arising  from  water  courses  and 
other  unconformities. 

The  bibliography  on  this  subject  is  rather  extensive  and  reference  is  here 
made  to  the  Index  to  Geophysical  Abstracts  1  to  20,  prepared  by  the  Geophysical 
Section  of  the  U.  S.  Bureau  of  Mines  and  issued  as  Information  Circular  6438. — 
W.  Ay-^azoglou. 


10268 


-  253  - 


I. C. 6568. 


5.  RADIOACTIVE  METHODS  ' 

(429)  OBSERVATIONS  ON  THE  PENETRATING  I^ADIATION  IN  THE  ANTARCTIC 

By  Kerr  Grant 

Nature,  London,  vol.  127,  No.  3216,  1931,  p.  924. 

The  author  descrihes  the  observations  upon  the  variation  of  intensity  of 
the  penetrating  of  cosmic  radiation  with  latitude  carried  out  hy  the  British- 
Austral  ian-New  Zealand  Antarctic  Research  Expedition  during  the  recent  summer 
cruise  of  the  "Discovery,"  November,  1930,  to  March,  1931. 

The  apparatus  employed  was  a  Geiger-Muller  electron  tube'  counter,  with 
single-stage  amplifier,  ' relay,  and  automatically  recording  chromograph. 

Counts  were  obtained  over  a  region  ranging  from  Hobart  to  Adelie  land  - 
that  is,  over  a  range  of  geographical  latitude  from  43°  S.  to  680  S. 

The  mean  value  (6.3  per  minute)  of  all  counts  on  the  voyage  is  identical 
within  the  limits  of  experimental  error  with  the  value  (6.1)  obtained  for  a 
co'unt  of  four  hours  in  the  physics  laboratory  of  the  University  of  Adelaide. 

The  result  of  the  observations  thus  tends  to  confirm  those  of  Bothe  and 
Kohlhorster  in  the  North  Atlantic,  of  Corlin  at  Abisco,  and  of  Millikan  at 
Churchill  in  Canada,  in  showing  that  the  intensity  of  penetrating  radiation 
does  not  vary  to  any  considerable  extent  with  magnetic  latitude  even  within  250 
miles  of  a  magnetic  pole. — W.  Ayvazoglou. 

(430)  SUR  LA  DEEINITION  DE  LA  PERIODE  DU  POLONIUM  EN  DIVERS  POINTS 

DE  L»U.  R.  S. .  S.  . 

(ON  THE  DEEINITION  OF  THE  PERIOD  OP  POLONIUM  AT  DIFFERENT  PLACES  IN  THE 

U.  S.  S.  R.) 

•  •  » 

By  M.  L.  Bogoiavlensky 

Le  Journal  de  Physique  et  le  Radium,  Paris,  vol.  10,  No.  9,  1929,  pp.  321-328. 

Owing  to  the  fact  that  the  considerable  differences  in  the  definition  of 
the  radioactive  constant  of  poloni'um  and  of  its  period  can  not  be  explained 
merely  by  the  inaccuracy  of  measurements,  the  experiments  carried  out  by 
Bogoiavlensky  and  described  in  this  article  were  made  after  a  very  careful  pre¬ 
paration  of  poloni'um.  After  a  brief  description  of  the  means  used  for  prepar¬ 
ing  polonium,  of  the  electromagnetic  installation  and  of  the  technique  of 
determining  the  period  of  polonium  during  the  experiments,  Bogoiavlensky  gives 
the  results  of  his  measurements  carried  out  in  18  different  places  in  the  U. S. 
S.R.  in  a  table. 

According  to  his  calculations’,'  the  mean  error  of  observations  reached  8,3 
per  cent.  In  analyzing  the  errors  caused  by  measurements  the  author  draws  the 
conclusion  that  the  considerable  changes  in  various  places  evidently  depend  on 
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local  causes,  and  supposes  that  the  content  of  radioactive  substances  in  rocks 
greatly  influences  the  value  of  the  period.  This  value  increases  with  the 
increase  of  the  quantity  of  radioactive  substances  and  is  smaller  in  case  of 
the  decrease  of  this  quantity. 

A  map  showing  the  places  in  which  observations  were  made  is  added. 

Bogoiavlensky 's  article  is  followed  by  ’’remarks,"  written  by  Mme.  P.  Curie 
in  which  she  says  that,  based  on  come  considerations,  it  is  necessary  to  make 
a  more  exact  verification  of  the  results  published  in  this  article. 

In  an  additional  note  Bogoiavlensky  admits  that  the  remarks  made  by  Mme. 
Curie  have  already  been  taken  into  consideration  for  a  new  series  of  experiments. 
— W.  Ayvazoglou. 

(431)  ETUDE  m  LA  VITESSE  DE  DESINTeWtION  DU  POLONIUI^  EU  DIVERS  LIEUX 
(study  OE  the  velocity  OE  DISIOTEGRATION  OE  polonium  in  different  PLACES) 

By  M.  L.  Bogoiavlensky 

Le  Journal  de  Physique  et  le  Radium,  Paris,  vol.  2,  No.  1,  1920,  pp.  12-19. 

In  this  article  Bogoiavlensky  gives  the  results  of  experiments  carried  out 
in  continuation  of  those  described  in  the  article  above.  Three  series  of  ex¬ 
periments  for  the  determination  of  the  constant  of  polonium  were  made:  One  in 
the  southern  part  of  the  U.S.S.R.  (42  points),  one  in  the  region  of  Leningrad 
(18  points),  and  one  in  the  vicinity  of  Leningrad,  in  Dietskoe  Selo  (3  points). 
The  results  are  given  in  three  tables.  They  show  that  the  variations  are  con¬ 
siderably  smaller  than  those  obtained  during  the  experiments  made  in  the  pre¬ 
vious  year.  This  proves  the  existence  of  errors  in  previous  investigations. 
Among  them  the  author  mentions  the  error  caused  by  the  standardized  size  of 
piece  of  pelonium  used. 

Maps  showing  the  investigated  points,  provided  with  figures  of  the  results, 
are  added. — W,  Ayvazoglou. 


6.  GEOTHERMAL  METHODS 
(432)  PROCEDB  LB  PROSPECTION  GEOTHERMiqUE 
(GEOTHERliAL  METHOD  OF  PROSPECTION) 

By  C.  L.  Alexanian 

Extract  from,  Traite  pratique  de  prospoction  geophysique  (Practical  treatise  on 
geophysical  prospecting),  by  C.  L.  Alexanian.  Librairie  Polytechniquo  Ch. 
Beranger,  15,  Rue  des  Saints-Peres,  Paris,  6. 

Values  of  geothermal  gradients  are  given  by  the  author  for  the  following 
ccontrieg : 
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>  c  . 


•  ' 


.  .  ,  ■ . .  _  Meters 

Meiers  '.'..i  r.-  ■ 

Pritram  ( Czechoslovakia)  .  67 

Sabountchy  (Oil  rjgion  ne.ar.  Paka,  U.S.S.R.)-  '  25  '  '  .  'o,.*  •  ■ 

Macholles  (Limagne) .  . .  14  -  •  r;  r  • 

Pechelhronn  (Alsace) . 14  to  21  .  •  • 

Los  Angeles  (California)  . .  14 

Kutzenhausen  (Alsace).  •  .  . .  .  .  7  ■  ■ 

V  r  .  • 

According  to  Koenigsberger  the  normal  geothermal  gradient  in  case  cif  'hori¬ 
zontal  layers  is  about  34  meters.  This  value  varies  greatly  in  case  of  inclined 
or  vertical  layers. 

The  possible  reasons  for  the  great  local  anomalies  of  the  geothermal 
gradient  are  given  by  Alexanian  as  caused  by: 

1.  Deposits. originated' by. heat  processes  or  of  volcanic  origin. 

2.  The  distribution  of  heat  due  to  the  displacement  of  various-  substances 

'  in  the  earth's  crust,  such  as  hot  springs,  mineral  waters,  and  gas. 

3.  Deposits  produced  by  heat  caused  by  chemical  reactions  or  deposits 

containing  radioactive,  substances. 

4.  Thermal  conductivity  of  rocks  and  tectonic  displacements  (heat  produced 

by  friction) .  '  .  ‘  '  "  ■ 

*  '  I  .  •  * 

A  list  of  thermal  conductivity  oC  rocks  is  given.  '  '  '  .  ■  . 

The  last  two  -oaragraphs  of  the  article^  contain  a  brief  description  of 
methods  for  meas-uring  the  temperat-ure  of  the  soil  and  a  method  for  calculating 
the  temperature  gradient. — W.  Ayvazoglou. 

(433)  GEOTHERMAL  VARIATIONS  IN  COALINGA  AREA,  ERESNO  COUNTY,  CAHEORNIA 

By  Anders  J..  Carlson 

Bulletin  of  the  American  Association  of  Petroleum  Geologists,  Houston,  Tex.,  vol 

15,  No.  7,  1931,  pp.  829-836. 

Variations  of  isothermal  elevations  with  respect  to  structure  are  developed 
from  temperature  measurements  in  56  wells  of  the  Coalinga  area.  The  comparative 
trend  of  isotherms,  geologic  strata,  and  ground  surface  is  shown  on  two  vertical 
sections  .'  through  the  anticlinal  struct-ure  of  the  Eastside  field.  The  results 
indicate- -that  rock  temperatures,  in- this  vicinity  are  controlled  chiefly-by  s\ir- 
face  topography  and  thickness  of  sediments.  Definite  correlation  between- rela¬ 
tive  temperatures  and  the  oil-bearing  structure  is  not  evident. — Author's,- 
abstract.  .  •  •  .  -i  ■ 
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7.  UNCLASSIFIED  MSTHOrS 

(434)  PRINCIPLES  MH)  PRACTICE  OP  CEOPIIYSICAl  PROSPECTING 
By  A.  B.  Broughton  Edge  and  T.  H,  Lahy 

Report  of  the  Imperial  Geophysical  Experimental  Survey,  London,  1931. 

The  hook  contains  XIV  i  380  pages  V7ith  261  illustrations  in  the  text.  It 
is  published  hy  the  Cambridge  University  Press  (London,  Petter  Lane,  E.  C.  4). 
Price,  15  s,  net. 

The  form  in  which  this  work  of  the  Survey  has  been  prej^red  for  publication 
is  more  in  the  nature  of  a  manual  or  textbook  of  geophysical  prospecting,  illus¬ 
trated  by  field  results,  than  of  a  formal  report. 

The  volume  is  divided  into  two  parts. 

Contents ; 


Part  I.  Chapter  1.  Introduction:  Objects  of  the  I.  G.  E.  S.  investiga¬ 
tions;  selection  of  survey  areas  in  Australia;  organization  of  survey  and  field 
work. 

Chapter  2.  Electrical  methods:  Principles  and  applications;  surface  poten¬ 
tial  methods  (spontaneous  polarization,  resistivity  and  resistivity  surveys, 
equipotential  line,  A.  C.  potential  ratio);  electromagnetic  methods  (Bieler- 
Watson,  high-frequency). 

Chapter  3.  Electrical  survey  in  Australia:  New  South  Wales;  Victoria; 
Tasmania;  South  Australia;  Western  Australia;  Qp.eensland. 


Chapter  4. 
field  procedure; 


Gravimetric  methods:  Principles  and  applications;  instruments; 
gravimetric  survey  in  Australia;  conclusions. 


Chapter  5.  Magnetic  methods:  Principles  and  applications;  instruments; 
field,  procedure;  magnetic  survey  in  Australia. 

Chapter  6.  Seismic  methods:  Principles  and  applications;  seismometers; 
field  procedure;  seismic  investigations  in  Australia. 

Part  II.  Chapters  7  to  11. 

The  electrical,  gravimetric,  magnetic,  and  seismic  methods  described  in 
Tart  I  are  dealt  with  in  greater  detail.  Pull  descriptions  are  given  of  all 
instruments  used  by  the  Survey  and  of  the  procedure  followed  in  carrying  out 
field  investigations.  The  methods  are  also  considered  from  the  theoretical  point 
of  view, — W.  Ayvazoglou. 


10268 


-  257  - 


(435)  MCORA.  SULLE  CARATTERISTICHS  PISICHE  DELLA  PIAMIEA 
MARGIMLE  APEE-TiJlMiCA  MODEEESE 

(MORE  OE  PHYSICAL  CHARACTERISTICS  OP  THE  APPEMINIA:M  BORDER  PLAIN  OP  MODENA) 

By  A.  Belluigi 

Rendiconti  della  R.  Accademia  Nazionale  dei  Lincei,  Rome,  vol.  12,  No.  3-4,  1930, 

pp.  112-114,  ' 

In  a  previous  article  on  the  physical  characteristics  of  the  Appenninian 
horder  plain  of  Modena  (see  Geophys.  Ahs.  23,  p.  00),  Eelluigi  drew  from  the 
data  obtained  the  conclusion  that  gypsum  or  similar  minerals  must  he  deposited 
at  a  certain  depth  in  this  region. 

In  this  article  Belluigi  discusses  briefly  some  considenations  supporting 
the  conclusions  made  in  the  first  article. — W,  Ayvazoglou. 

(436)  DISCRIMINATION  IN  APPLYING  GEOPHYSICS 
By  Sherwin  P.  Kelly 

Mining  and  Metallurgy,  New  York,  vol.  12,  No.  293,  1931,  pp.  239-241.  . 

Dissatisfaction  with  the  achievements  of  geophysics,  due  often  to  a  mis¬ 
conception  of  its  capabilities  and  limitations,  or  to  a  poor  application  of  its 
technique,  or  to  a  faulty  perspective,  as  to  its  proper  place  in  geological  work, 
caused  the  writing  of  this  article  as  the  author  finds  it  imperative  to  help  in 
understanding  past  achievements  and  failures,  and  through  that  to  formulate 
workable  programs  for  future  progress  by  critical  examination  and  correction  of 
past  records.  Kelly  expresses  the  hope  that  those  in  possession  of  inf ornvn-tion 
will  engage  in  cooperation  in  providing  the  material  which  would  be  valuable 
in  such  a  compilation.  The- article  does  not  give  any  original  contribution  to 
geophysical  science  or  art.  Tlie  author  discusses  the  question  raised :'’by  him 
under  the  following  headings:  (l)  Basic  assumption,  (2)  lessons  of  hindsight, 

(3)  valuable  information,  and  (4)  comparative  study. — W.  Ayvazoglou. 

(437)  GEOPHYSICS  IN  EXPLOILATION:  PROSPECT  AND  RETROSPECT 

By  Sherwin  P.  Kelly 

Engineering  and  Mining  Journal,  New  York,  vol.  131,-  No.  1,  1931,  pp.  11-12. 

The  purpose  of  this  article  is- to  clarify  the  question  with  respect  to 
Just  what  is  the  role  geophysics  should  play  in  present-day  exploration  work. 

The  throe  distinct  stages  of  the  attitude  toward,  for  example,  electrical 
exploration  (skepticism,  over-optimism,  indifference),  are  discussed. 

A  considerable  list  of  literature  dealing  with  this  question  is  added. — 

W.  Ayvazoglou. 


10268 


-  258  - 


I. C. 6568. 


(438)  GEOPHYSICS  IN  THE  MINING  SCHOOLS 
By  V.  Gavrilovich  Gabriel 

Engineering  and  Mining  Journal,  New  York,  vol.  131,  No.  7,  1931,  p.  333. 

In  this  short  article  the  author  expresses  his  opinion  on  studying  geo¬ 
physics  in  universities  and  schools  and  recommends  some  ways  by  which,  he  hopes, 
the  unnecessary  expenditures  of  money  by  schools  could  be  avoided  and  the 
enthusiastic  students  of  geophysics  may  be  saved  from  disappointment. — W.Ayvazogloi 

(439)  THE  SCIENCE  OF  GEOPHYSICS 

By  B,  Duns tan 

Queensland  Government  Mining  Journal,  Queensland,  vol.  32,  Nos.  370,  371,  372, 

pp.  95-96,  146-148,  186-187. 

After  a  brief  discussion  on  the  practice  of  geophysical  prospecting,  Dunstan 
gives  a  table  of  geophysical  methods,  somewhat  similar  to  that  published  some 
years  ago  by  Dr.  Heiland  of  the  Colorado  School  of  Mines,  which  is  built  from 
the  point  of  view  of  the  geologist,  primarily  based  on  geological  and  mineral 
features,  and  showing,  approximately,  the  geophysical  methods  to  be  adopted  in 
the  examination  of  certain  mineral  deposits,  irregular  rock  masses,  bedded 
structures,  and  dynamical  features. 

Some  information  is  added  on  the  restrictions  to  be  applied  when  using  the 
methods,  and  the  determinations  which  it  is  difficult  or  impossible  to  accomplish. 
No  attempt  is  made  to  describe  in  detail  the  geophysical  methods  used  for  the 
purpose  of  mineral  prospecting,  but  simply  an  outline  of  these  methods  is  given. 

The  methods  are  divided  into  six  main  groups,  comprising  electrical,  gravi¬ 
metric,  magnetic,  seismic,  radioactive,  and  geothermal  methods. — W.  Ayvazoglou. 

(440)  PROGRESS  OF  GEOPHYSICAL  PROSPECTING  STUDIES 

Editorial  Note 

Queensland  Government  Mining  Journal,  Brisbane,  volv  32,  No.  370,  1931,  p.  121. 

In  the  course  of  studies  of  the  use  of  geophysical  methods  in  prospecting 
for  minerals,  work  is  being  conducted  by  the  United  States  Bureau  of  Mines, 
Department  of  Commerce,  in  the  oil  districts  of  Kentucky  with  a  view  to  checking 
further  the  results  of  electrical  investigations.  The  bureau  is  making  progress 
on  the  devising  of  seismic  calibrating  apparatus,  as  well  as  on  the  improvement 
of  torsion-balance  instruments  by  developing  a  new  method  of  accurately  recording 
small  angles. — liV.  Ayvazoglou. 
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(441)  ETUDES  GSOPKYSIQUES  APPLIQUTES  AUX  RECITSRCPU3S  MIXIE.-IES 
(GEOPHYSICAL  STUDIES  APPLIED  TO'MIEIHG  HHTESTIGATIOHS) 

By  Arnaldo  Zabelli 

L’Eclio  des  Mines  et.  de  la  Metalliirgie,  Paris,  vol.  59,  IJo.  3058,  1931,  -otd. 

•  .  19G-200. 

In  the  beginning  of  this  article  Zabelli  mentions  the  initiative  tahen  by 
the  United  States  Burear  of  Mines  in  collecting  and  publishing  the  results  of 
mining  emoloration  by  geophysical  methods  of  prospecting  aud  puts  the  question 
as  to  hor  tne  results  obtained  from  this  investigation  can  best  be  applied  to 
the  mineral  industry  in  general,  and  liorr;  for  emajuple,  the  following  problems 
could  be  solved;- 

1.  To  establish  in  a  scientific  waj'’  to  ■'Cdiat  degree  there  are  appreciable 
links  between  the  indications  obta-ined  by  instruments  and  physical  properties 
(electrica.l,  magnetic,  radioactive,  thermic,  electrorsagnetic,  etc.)  of  minerals 
hidden  in  the  soil. 

2.  To  specify  the  importance  of  various  geophysica,!  methods  of  prospecting 

concerning  the  place  of  each  of  them  which  the3’'  must  occupy,  in  .the  industry  of 
mining  exploration.  ■  '  •  ■  . 

3.  To  detennine  the  best  direction  to  be  given  to  further  investigatic  s. 

4.  To  find  the  best  means  for  eliminating  those  unfit  prospectors  and 
inventors  who,  owing  to  their  failures,  only  delay  the  development  in  the 
application  of  geophysics  to  prospecting  for  ores. 

Based  on  a  few  exarnpiles  given  in  this  article  the  author  concludes  that 
under  the  actual  Imowledge  of  geouhysical  proceedings  it  is  not  possible  to 
establish  with  certainty  either  the  methods  which  m.ay  be  applied  in  certain 
Cases  nor  to  cla,ssify  them  according  to  their  degree  of  superiority. — 

TT.  Ajnrazoglou. 

.  .  .  r  (442)  DIE  POIARISATIOII  DES  HIIvQ^IBLSLICHTSS  UDD  IHSE  ZUSAilvEimAlTGE 

MIT 'AllDEPEDI  iEJTEOROLOGlSCKEil  ELEIIEHTEH  ■ 

(S^  POLARIZATIOir.Airo  ITS  EELATIOHS.  TO  THE  OTHER  IfSTEOEOLOGICAL  ELEMEITTS) 

■  ■;  By  W.  Sraosarslri  ^ 

Gerlands  Beitr^e  zur  Geophysik,  Leipzig,  vol.  30,  Ho.  3/4,  1931,  pp.  408-424. 

The  annaal  vsiriation  of  the  shy  polarization  at  noon  and.  at  sunspt  is 
discussed,  taking  into  consideration  the  three  components  of  the  diffuse  light- 
intensity.  Then  the  relations  are  examined  ishich  have  been  observed  between  ( 
the  simultaneous  changes  of  the  slgr  polarization,  the  intensity  of  solar 
radiation,  the  water-vapor  tension,  the  electrical  potential,  the  electrical 
conductivity  of  the  air  and  other  m.eteorological  elements. 
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The  relations  seem  to  depend  on  the  seasons  of  the  year  and  also  on  the 
decree  of  polarization. — Author's  abstract. 

(443)  LIi;IITATIOhS  OF  GEOPHYSICAL  IvIETHODS  Ill  OIL  PROSPECTING 

Editorial  Note 

Qpeensland  Government  Mining  Journal,  Brisbane,  vol.  32,  No.  373,  1931,  p.  230. 

Conditions  of  geophysical  prospecting  for  oil  axe  discussed,  based  on 
Loue's  article,  "Geological  Prospecting  for  Oil  Still  in  Research  Stage," 
published  in  National  Petroleum  News,  vol.  21,  No.  47,  1929,  pp.  59-63  (see 
Geophys.  Abs.  10,  1930,  p.  24). — W.  Ayvazoglou. 

(444)  GEOPHYSICAL  PROSPECTING 
Editorial  Note 

New  Yorh  Times,  N.  Y, ,  Monday,  August  3,  1931,  p.  32. 

The  note  says  that  according  to  a  Canadian  Pacific  Railway  bulletin, 
further  tests  will  be  made  on  geophysical  prospecting  during  this  year  by  the 
following  three  Government  field  parties: 

1.  A.  S.  Eve  and  D.  A.  Keys  of  the  McGill  University  will,  in  collabora¬ 
tion  with  the  U.  S.  Bureau  of  Mines,  conclude  investigations  started  last  year 
into  the  behavior  of  high-frequency  radio  waves  underground  (Mammoth  Cave). 

2.  L.  Gilchrist  of  the  University  of  Toronto  will  continue  research  in 
the  field  with  a  variety  of  electrical  and  magnetic  methods  for  the  purpose  of 
ascertaining  their  serviceableness  in  the  search  for  concealed  mineral  deposits 
(chromite  of  Thetford,  Qpebec,  magnetite  of  Bristol,  Quebec,  and  pyrite  of 
Calabogie,  Ontario). 

3.  Tlie  Dominion  Observatory  and  the  Geological  Survey  are  collaborating 
in  research  in  gravitational  methods  of  studying  underground  conditions.  A.  H. 
Miller  of  the  Dominion  Observatory  started  worh  late  last  year  with  torsion 
balance  to  ascertain  its  use  in  determining  faults. 

Results  already  accomplished  in  the  survey  of  Canadian  mineral  resources 
are  briefly  mentioned. — W.  Ayvazoglou. 

(445)  GEOPHYSICAL  TESTS  IN  THE  RHINE  VALLEY 

By  R.  P.  Reichenbach  and  H.  Bertram  Bateman 

The  Mining  Magazine,  London,  vol.  44,  No.  5,  1931,  pp.  280-285. 

The  authors  describe  the  investigation  of  structural  conditions  in  the 
Rhine  Valley  carried  out  by  gravimetric,  seismic,  and  radioactive  methods  of 
geophysical  prospecting.  Calculated  values  for  gradients  and  values  of  curva¬ 
ture,  as  well  as  values  resulting  from  the  measurements,  are  shown  in  a  figure. 
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From  this  figure  it  can  be  seen  that  the  ca,lc'ulated  values  of  the  gradients 
for  the  geological  profile  underneath  coincide  with  the  measured  values  to 
within  +  1  unit.  In  case  of  the  values  of  curvature  the  difference  between 
the  calculated  and  the  measured  cuirve  aiuounts  to  about  25  units;  the  measured 
curve  lies  higher  thaai  the  calculated  one. 

The  results  of  the  gravimetric  survey  in  this  area  show  that  the  bedrock 
rises  from  south  to  north  ajid  also  from  east  to  west.  Only  an  approximate 
estimate  of  the  depth  could  be  given  by  gravimetric  survey. 

Seismic  measurements  carried  out  in  the  Lower  Ehine  basin  southwest  of 
Cologne  serve  as  a  further  exaixple  of  the  elucidation  of  structural  conditions 

The  results  of  seismic  survey  are  shown  in  accompanying  diagrams  and  it 
can  be  seen  that  the  seismic  measurements  were  able  to  determine  a  rem.arkable 
number  of  faults  of  varying  throw  which  dip  northeastwards.  At  the  same  tim.e 
the  seism.ic  m.easurements  were  able  to  determ.ine  the  thiclmess  of  the  Tertiary 
deposits. 

Lastly,  the  radioactiyity  test  measurements- made  at  Hennef-on  Sieg  are 
briefly  referred  to.  Tlae  results  of  these  m.easurements  can  be  seen  from  the 
curve  of  the  measurement  values  shown  in  a  figure. 

The  authors  conclude  that  the  results  of  these  different  geophysical 
surveys  demonstrate  that  the  practical  geophysico.l  methods  now  avadlable,  if 
espertly  applied,  can  give  very  valuable  data,  not  only  on  the  geological  con¬ 
ditions  of  an  area  from  the  mining  point  of  view,  but  also  from  the  purely 
geological  standpoint. — W.  Ayvazoglou. 

(446)  COHPTLS  RSIIDUS  DE  L'ASSEMBLEE  DE  STOCEHOIM 

(SSCTIOE  DE  MAGEETISlffi  ET  SLSCTEICITE  TEREESTEES) 

(PEOCEEDIEGS  OF  THE  I.IEETIEG-  IE  STOCKHOLM.  SECTION  OF  TEEESSTEIAL  MAGEETISM 

AND  SLECTEICITY.  15-23  AUGUST,  1930) 

Bulletin  8,  Union  Geodesique  et  Geophysique  International.  Published  by  0. 

Maurain,  1931,  479  pp.  Paris  V,  Les  Presses  Universitaires  de  Prance. 

This  volume  includes  the  proceedings  of  the  Section  of  Terrestrial 
Magnetism  and  Electricity  of  the  International  Geodetic  and  Geophysical  Union 
held  in  Stocidiolm.,  Sweden,  from  August  15  to  23,  1930. 

Detailed  reports  on  the  progress  of  magnetic- survey  work  and  investiga¬ 
tions  were  received  from  the  following  countries.  They  are  given  in  Part  II 
of  this  volume. 

Austra?.ia.  General  report  by  J.  M.  Baldwin. 

Canada.  Report  on  observa,tory  work  at  jigincourt  and  Meanock,  by  W.  E.  W* 
Jackson.  Magnetic  survey  work  in  Canada  by  the  Dominion  Observatory,  Ottawa,  . 
by  C.  A.  French.  Magnetic  work  accomplished  by  the  Topographic  Survey  of 
Canada  in  1927-1929,  by  F.  H.  Peters.  Section  of  Terrestrial  Magnetism  and' 
Electricity,  Rational  Committee  of  Canada. 
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Denmark.  Report  on  the  works  on  terrestrial  magnetism  in  Denmark  and 
Greenland,  by  D.  la  Cour. 

Finland.  Progress  of  work  in  terrestrial  magnetism  in  1928-1930,  by 
J.  Eeranen. 


France.  Report  by  the  secretary  of  the  French  section  of  magnetism  and 
terrestrial  electricity,  by  S.  Mathias.  Reg-alan  observations  and  publications 
concerning  terrestrial  magnetism,  by  Ch.  Matirain. 

Germany.  Report  on  the  earth-magnetic  work  in  Germany,  by  A.  Nippoldt. 

Great  Britain.  Atnosplieric  electricity  at  Key  Observatory.  Work  in 
terrestrial  magnetism  at  Scottish  observatories.  Report  of  the  work  done  in 
terrestrial  magnetism  and  atmospheric  electricity  at  Greenwich  and  Abinger,  by 
F.  W.  Dyson.  Note  on  the  work  in  terrestrial  magnetism  done  at  Stonyhurst 
College  Observatory,  by  E.  D.  O’Connor.  Ordnance  Survey,  Magnetic  work.  Work 
on  terrestrial  magnetism  and  atmospheric  electricity,  by  S.  Chapman  and 
collaborators.  Work  in  terrestrial  magnetism  carried  out  by  A.  Crichton 
Mitchell. 

Italy.  Note  on  the  work  executed  in  Italy  on  magnetic  field  and  terres¬ 
trial  magnetism  in  1928-1929. 

Jauan.  National  repoi't  of  Japan,  by  A.  Tanakadate. 

Mexico.  Report  of  the  magnetic  sta,tion  of  the  Astronomic  Observatory 
of  Tacubaya,  by  Joaquim  Gallo. 

Netherlands  and  Netherlands  East  Indies.  Terrestrial  magnetism  in  the 
Netherlands  and  Netherlands  East  Indies. 

Norway.  Report  of  the  magnetic  works  in  Norway,  1927-1929,  by  0. 

Krogness.  Report  from  the  Norwegian  Institute  for  Cosmic  Physics,  in  charge 
of  (a)  The  Northlight  Observatory,  Tromso;  (b)  Tlie  Magnetic  Bureau,  Bergen,  by 
L.  Ve^ard.  Report  regarding  the  first  year’s  work  at  the  Northlight  Observatory, 
Tromso,  by  Leiv  Harang. 

Poland.  Magnetic  survey  in  Poland,  by  St.  Kalinowski.  Report  on  the 
magnetic  investigations  of  the  geophysica,!  institute  of  Lwow  University  during 
the  years  1928-29,  by  Edward  Stenz  and  Henryk  Orkisz. 

Portu°:al.  Report  on  the  terrestria,!  magnetism  in  Portugal,  by  A.  Ferraz 
de  Carvalho.  Works  on  the  terrestrial  magnetism  in  the  Azores,  by  J.  Agostinho. 

Siam.  Magnetic  observations,  by  the  Director,  Royal  Survey  Department. 

S-paln.  A  brief  report  by  M.  Luis  Rodes. 
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Sweden.  Magnetic  work  accomplislied  'bj'-  the  Hydrogra,phic  Office  of  Sweden 
from  1927-1930,  hy  Gustaf  Heinius.  Srunmary  report  of  the  earth-magnetic  in¬ 
vestigations  carried  out  in  the  mainland  of  Sv/edcn,  hy  Kurt  Mollin. 

Switzerland.  Works  on  terrestrial  magnetism  in  Switzerland  from  1927  to 
1930,  hy  p.  L.  Mercanton.  Magnetic  surve5''  of  Switzerland  hy  W.  Bruckmann. 

United  States.  Report  of  work  of  section  of  terrestrial  magnetism  and 
electricity  of  the  American  Geophysical  Union,  1928-1930,  hy  J.  A.  Planing  and 
Harlan  W.  Pisk.  Progress- report  of  Naval  Research  Laboratory,  hy  P.  D.  Almy. 
Condensed  summary  work  of  the  geophysical  section,  U.  S.  Bureau  of  Mines,  hy 
Scott  Turner.  Report  on  work  of  Radio  Laboratory,  Newton  Centre,  Massachusetts, 
hy  Greenleaf  W.  Pic!!:nrd.  Progress-report  of  Mount  Wilson  Observatory,  hy  W.  S. 
Adams.  Report  hy  the  Department  of  Terrestrial  Magnetism,  Carnegie  Institution 
of  Washington.- 

Part  III  contains  reports  concerning  special  matter  as  resulting  from 
decisions  taken  at  the  meeting  in  Prague,  such  as; 

Report  of  Coirmission  on  magnetic  characterization,  hy  A.  Crichton-Mitchell. 

Magnetic  diaracterization,  suggestion  from  Stonyhurst  College  Observatory, 
by  J.  P.  Rowland. 

The  Atlas  of  Auroras. 

Relations  between  the  International  Meteorologic  Organization  and  the 
International  Geodetic  and  Geophysical  Union. 

Terminology  and  symbols.  Report  hy  Ch.  Maurin.  Observations  hy  Cabrera 
van  Dijk  and  Pleming.- 

Part  17.  Communication  on  various  subjects; 

A.  General  note  of  the  Department  of  Terrestrial  Magnetism,  Carnegie 
Institution  of  Washington  (comments  on  the  agenda  for  the  Stocldiolm  meeting) 
contains  the  following  articles;  Magnetic  characterization  of  days,  studies  of 
sudden  commencement  of  magnetic  storms;  portable  appai’atus  for  accurately  re¬ 
cording  the  magnetic  elements  continuously  during  short  periods  at  field- 
stations;  observations  of  polar  lights;  the  atlas  of  auroras;  observations  of 
earth  currents;  correlation  between  radio  reception  and  the  phenomena  of 
terrestrial  magnetism  and  electricity,  auroras,  and  solar  activity;  relations 
between  atmospheric  pollution  and  atmospheric  nuclei  of  all  kinds  and  the  atmos¬ 
pheric-electric  elements;  study  of  ion-couiiters;  phenomena  of  lightning; 
terminology;  methods  of  applying  the  principles  of  geophysics  to  the  investiga¬ 
tion  of  the  earth's  crust;  relationship  with  the  magnetic  coirmission  of  the 
International  Meteorological  Committee;  observatory  work;  field  work  (magnetic 
surveys,  provision  for  insuring  the  reoccupation  at  regular  intervals  of  a 
sufficient  number  of  stations  all  over  the  globe  to  supply  necessary  data  re¬ 
garding  the  secular  change  of  the  earth's  magnetism);  polar  year  1932-1933; 
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secular  variation  of  terrestrial  magnetism;  atmospheric  conductivity;  atmos¬ 
pheric  ionization;  measurement  of  air- earth  current;  observations  of  terres¬ 
trial  magnetism  and  atmospheric  electricity  on  the  last  cruise  of  the 
"Carnegie,"  by  J.  A.  Fleming;  the  library  of  the  Depaj’tment  of  Terrestrial 
Magnetism  of  the  Carnegie  Institution  of  Washington,  by  H.  D.  Harradon. 

B.  Terrestrial  magnetism: 

Latest  annuad  values  of  the  magnetic  elements  at  observatories,  compiled 
by  J.  A.  Fleming;  investigation  of  the  distribution  of  some  individual  changes 
in  magnetic  elements  during  a  magnetic  storm,  by  W.  J.  Peters;  The  geographical 
distribution  of  magnetic  disturbance,  by  W.  F»  Wallis;  ordinate- change  inte¬ 
grator  by  C.  Huff;  preliminary  note  on  a  measure  of  magnetic  activity  using  an 
ordinate  integrator,  by  C.  H.  Duvall;  isopors  and  isoporic  movements,  by  H.  W.  H. 
Fisk;  on  the  distribution  of  permanent  repeat  stations,  by  H.  W.  Fisk  and  J.  A. 
Fleming;  on  the  earth  magnetic  observations  on  the  ice,  by  J.  Keranen;  a  port¬ 
able  magnetometer  of  the  small  type  (Ordnance  Survey);  magnetism  of  rocks; 
observations  of  sudden  variation  of  terrestrial  magnetism  in  1928  and  1929,  by 
S,  Ono;  Disturbance  in  the  magnetic  observations  caused  by  electric  works,  by 
S.  Ono;  Analysis  of  periodical  variations;  components  of  the  diurnal  amplitude 
of  declination,  by  H.  Labrouste;  Memorandum  on  an  international  collaboration 
for  the  advancement  of  studies  of  the  influence  of  the  moon  on  geophysical 
phenomena,  by  D.  la,  Cour  and  S.  Chapman;  on  the  theory  of  the  diurnal  solar 
and  lunar  variations  of  the  terrestrial  magnetic  field,  and  of  the  magnetic 
perturbation,  by  S.  Cliapman;  the  measurement  of  potential  gradient  in  the 
upper  atmosphere,  by  F.  J.  W.  Whipple;  on  the  properties  of  the  upper  atmos¬ 
phere,  by  B.  Rolf;  on  the  temperature  of  the  upper  atmosphere,  by  G,  M.  B. 
Dcbson. 


C.  Atmospheric  electricity: 

The  diuma,!  variation  of  the  electric  potential  of  the  atmosphere  over 
the  oceans,  by  W.  C.  Parkinson  and  0.  W.  Torreson;  the  importance  of  atmospheric- 
electric  observations  at  sea,  by  0.  H.  Gish;  note  on  the  establishment  of  ob¬ 
servatories  for  the  measurement  of  a,tmospheric  electricity,  by  G.  R.  Wait; 
some  general  information  which  should  be  included  in  reports  of  atmospheric- 
electric  observations,  by  0.  H.  Gish;  Aitken  condensation- nuclei  and  atmos¬ 
pheric  potential-gradient  at  Washington,  by  G.  R.  Wait;  note  on  investigation 
of  electrical  conditions  in  the  upper  atmosphere,  by  M.  A.  Tuve;  the  use  of 
resistivity  measurements  in  the  detection  of  mineralized  areas,  by  W.  J.  Rooney; 
the  measurement  of  potential  gradient  in  the  upper  atmosphere,  by  F.  J.  W. 
Whipple;  studies  on  the  electric  field  of  the  atmospliere,  by  Ch.  Maurain;  the 
periodic  variations  of  atmospheric  potential  gradient,  by  L.  Rodes;  on  some 
measurements  of  atmospheric  electricity  on  the  Mont  Blanc  and  in  Sahara,  by 
Jean  Lugeon;  electrical  conductivity  of  the  air  and  of  the  atmospheric  dusts 
on  the  Vesuvius,  by  Francesco  Signore;  on  the  particles  in  siispension  in  the 
atmosphere,  by  Denise  Daude;  on  the  atmosplieric  ionization,  by  Ch.  Maurain 
and  S.  Salles;  the  measiarement  of  air-earth  current,  suggestion  from  F.  J.  W. 
Whipple;  phenomenon  of  the  lightning,  by  M.  lfe,thias;  fulminating  matter,  by 
M.  Mathias. 
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D.  Aurora  'borealis: 

Memorsaiduiti  on  several  recent  investigations  concerning  aurora  "borealis 
and  phenomena  connected  with.it,  by  Carl  Stormer;  letters  and  notes  answering 
Stormer's  inquirj^  on  aurora  borealis;  proposition  for  researches  relative  to 
the  synoptical  distribution  of  the  aurora  borealis,  by  D.  la  Cour;  on  the 
desirability  of  a  very  exact  determination  of  the  wave  length  of  the  line 
5777  A  from  the  aurora  display,  by  Helge-Petersen;  on  the  measurement  of  the 
length  of  the  wave  of  the  main  rays  of  the  aurora  borealis,  by  L.  Vegard. 

Part  '7.  Contains  questions  disciissed  by  the  section  of  terrestrial 
magnetism  and  electricity  together  with  other  sections,  and  the  last. 

Part  VI.  Gives  some  resolutions  and  wishes  expressed  by  the  section. 

A  list  of  addresses  of  the  members  who  took  part  in  the  meeting  is  added. 

A  brief  review  of  the  proceedings  of  the  section  of  electricity  and 
magnetism  is  given  by  J.  A.  Fleming  in  the  Journal  of  the  Washington  Academy 
of  Sciences,  vol.  21,  I'lo.  5,  March  4,  1931,  pp.  90-92.  It  reads  as  follows: 

Six  scheduled  and  well-attended  meetings  of  the  Association 
of  Terrestrial  Magnetism  and  Electricity  at  Stocldiolm  were  held 
during  August,  1930,  and  the  Association  also  took  part  in  four 
joint  sessions  -  one  with  the  Associations  of  Geodesy  and  Seis¬ 
mology,  one  with  the  Association  of  Meteorology,  and  two  with 
the  International  Scientific  Radio  Union.  Tlie  agenda  for  the 
meeting  held  an  unusually  grea.t  number  of  items,  all  of  which  were 
actively  reported  upon  and  discussed  despite  the  comparatively 
short  time  available. 


Detailed  progress  reports  of  magnetic-survey  work  and  inves¬ 
tigations  were  received"  from  twenty  countries,  including  three  re¬ 
ports  from  the  United  States  —  the  Coast  and  Geodetic  Survey,  the 
American  Geoplaysical  Union,  and  the  Department  of  Terrestrial  Mag¬ 
netism  of  the  Carnegie  Institution  of  Washington.  Numerous  publi¬ 
cations  relating  to  these  reports  were  distributed,  and  one  was 
impressed  not  only  with  the  amount  of  useful  xrorlz  in  the  fields  of 
the  Association  being  done  throughout  the  v/orld  but  also  with  the 
Vast  amount  still  to  be  done. 

The  report  of  the  special  committee  on  the  preparation  of  a 
photographic  atlas  of  aurora  with  ty;pe  descriptions  and  instruc¬ 
tions  for  photographic  aiid  visua,l  observation  was  received  and 
approved,  and  authority  was  given  that  copies  of  the  atlas  be  dis¬ 
tributed  without  charge  to  observatories  and  organizations  where 
worth-while  auroral  observations  might  be  made.  Following  the  re¬ 
port  of  the  special  committee  on  criteria  cf  measures  of  magnetic 
activity,  the  fomulas  for  characterization  of  days  (HRji  +  ZRj,)  / 
10,000  or  (MRjj  +  WRy^  +  ZR2)/l0,000  were  adopted,  tdiere  R  repre¬ 
sents  the  absolute  daily  range  of  the  element  indicated  for  the 
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Green\7ich  day,  and  arrangements  were  proposed  that  data  derived 
iDy  one  or  the  other  formula  be  published  by  the  International  Com¬ 
mission  of  Terrestrial.  Magnetism  and  Electricity  in  its  regular 
publication  of  magnetic  character  of  da.ys. 

The  importance  of  continuing  comparisons  of  standard  electro¬ 
magnetic  instruments  of  various  governments  wa.s  emphasized,  as 
also  the  design  of  portable  apparatus  of  this  character.  It  was 
agreed  that  the  various  suggestions  on  the  subject  of  a  uniform 
terminology  be  published  for  further  consideration.  The  adoption 
of  G-reenwich  mean  time  for  the  •oublica.tion  of  magnetic  data  was 
referred  for  further  consideration  to  a  special  committee.  A  re¬ 
porter  was  appointed  to  summarize  the  progress  in  the  studies  of 
theories  of  terrestrial  magnetism. 

The  importance  of  standardizing  ion  counters  was  en^asized, 
and  the  Department  of  Terrestrial  Magnetism  of  the  Cajrnegie  Insti¬ 
tution  of  Washington  was  appointed  as  a  central  office  to  which 
matters  could  be  referred  pertaining  to  ion  co'onters  for  compila¬ 
tion,  discussion,  and  determination  of  the  standards.  Following 
discussion  of  the  electric  field  of  the  atmosphere,  it  was  agreed 
that  tabulations  to  determine  electric  character  of  the  day  mi^t 
best  be  limited  to  electrically  calm  days. 

Among  the  communications  of  particular  interest  in  atmospheric 
electricity  was  one  on  the  direct  recording  of  a.ir-earth  current 
at  the  Kew  Observatory  by  the  C.T.R.  Wilson  method;  such  records 
may  be  compared  with  indirect  determination  throirigh  the  records 
also  being  made  of  the  conductivity  and  potential  gradient  of  the 
atmosphere. 

Considerable  attention  was  given  economic  aspects  of  the 
Association’s  activities.  These  included  the  application  of  geo¬ 
physical  principles  to  the  investigation  of  the  earth's  cr'j.st;  it 
was  agreed  that  a  conanittee  be  appointed  jointly  by  the  associa¬ 
tions  of  Seismology,  Geodesy,  and  Terrestrial  Magnetism  and  Elec¬ 
tricity  to  collaborate  in  the  solution  of  problems  in  geology 
.through  geophysics.  Another  economic  aspect  was  the  development 
of  machine  methods  to  facilitate  the  complex  computations  and  com¬ 
pilations  required  in  studying  the  numerous  data  accumulated  by 
many  observatories.  An  example  of  this  was  brought  out  in  the 
report  of  a  special  committee  on  international  collaboration  for 
the  advancanent  of  studies  of  the  influences  of  the  moon  on  geo¬ 
physical  phenomena  developing  a  plan  for  the  assembling  of  data 
making  use  of  Hollerith  methods  for  compilations.  The  report  was 
favorably  considered  and  satisfaction  expressed  that  a  practical 
trial  of  the  application  of  such  a  method  was  in  prospect,  thus 
paving  the  way  for  a  definite  proposal  for  international  co¬ 
operation  later. 
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Much  attention  was  also  given  the  proposoJ  for  the  Jubilee 
Polar  Year  of  1932-33  of  the  Polej:  Coiuiiission  of  the  Inter¬ 
national  Meteorological  Committee,  and  the  desirability  of  ad¬ 
herence  in  the  undertaJhing  of  adl  governments  was  stressed. 

Following  a  joint  meeting  of  the  Associations  of  Meteorology  and 
of  Terrestrial  Magnetism  and  Electricity  and  the  deliberations 
of  a  special  joint  committee,  the  follov/ing  resol\xtion  was  pre¬ 
pared  for  and  later  adopted  by  the  General  Assembly: 

"The  Union  accepts  the  invitation  of  the  International 
Meteorological  Comm.ittee  to  cooperate  in  organizing  and  carrying 
out  a  second  Polar  Year  with  a  similar  object  to  that  of  the 
first  Polar  Year  1882-1383,  and  a,ppoints  the  following  Commis¬ 
sion  for  this  purpose:  Stormer  (Chairman),  Chapman,  La  Cour, 

Maurain,  and  Wehrle." 

Other  resolutions  proposed  bs?-  the  joint  committee  were 
adopted  by  the  Association.  One  eixpliasizes  the  very  great  im¬ 
portance  for  the  advancement  of  geophysical  science  for  the  Polar 
Year  as  planned  and  its  approval  that  the  observations  should  not 
be  confined  only  to  polar  regions.  The  Association,  realizing 
the  desirability  that  all  cameras,  plates,  and  spectroscopes  used 
in  the  observa.tions  of  the  aurora  should  be  of  equal  sensitivity, 
voted  15,000  gold  francs  for  the  provision  of  instruments  of  a 
standard  type.  It  was  further  unanimously  resolved  that  all  observa¬ 
tions  should  be  reduced  according  to  an  agreed  plan  and  that  the 
Commission  for  the  Polar  Year  should  consider  the  best  m.ethod  for 
making  the  detailed  results  available  for  all  those  interested, 
further  suggest iixg  that  all  published  volumes  should  be  put  on 
Sale  and  that  the  various  associa.tions  of  the  Union  should  sub¬ 
scribe  for  a  number  of  copies. 

Regarding  possible  overlapping  of  the  work  being  done  by  the 
Association  of  Terrestrial  Magnetism  and  Electricity  and  the  Com¬ 
mission  cn  Teirestrial  Magnetism  and  Electricity  of  the  Inter¬ 
national  Meteorological  Committee,  it  was  unanimously  agreed  upon 
that  it  is  not  necessary  to  set  a  rigorous  definition  of  the  do¬ 
main  of  each  organization,  as  no  difficulties  have  been  met  with 
in  practice  and  no  unnecessary  duplications  have  been  encountered, 
and  as  the  respective  officers  can  continue  their  effective  co¬ 
operation  in  avoiding  these. 

The  importance  of  study  of  the  correlation  of  the  reception 
of  wireless  signals  and  geophysical  phenomena  was  referred  to  two 
joint  meetings  with  the  International  Scientific  Radio  Union,  the 
Association  express ir*g  itself  as  approving  any  program  assuring 
the  broadcasting  of  cosmic  phenomena,  to  facilitate  the  study  of 
correlations  concerning  radio  communication  and  the  magnetic  and 
electric  condition  of  the  Earth. 
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Recognizing  the  vital  need  of  a  'bettex'  rorld-wide  dictribution 
of  observatories,  especially  in  the  soxithcrn  hemisphere,  a  special 
committee  was  appointed  to  consider  existing  and  desirable  distri¬ 
bution  of  magnetic  and  electric  observatories  axid  to  consider  plans 
for  better  coordination  of  work  and  publications  of  existing  ob¬ 
servatories.  The  economic  Impossibility  of  realizing  more  than  a 
limited  number  of  observatories  and  the  reports  on  secular-variation 
investigations  submitted  stressed  the  need  of  systematic  field  work, 
and  a  special  committee  was  appointed  to  plan  axid  to  accomplish 
means  to  secure  through  cooperation  of  interested  governmental  and 
private  organizations  well-distributed  secular-variation  data.  In 
connection  with  this  subject,  appreciation  of  and  generous  comment 
Was  expressed  on  all  sides  on  the  :aagnetic  and  electric  \70rk  at  sea 
secured  by  the  "Carnegie”  together  with  expressions  of  regret  that 
the  work  that  vessel  and  her  commander  and  staff  had  so  well  done 
could  not  nave  been  continued  as  planned.  - 

8.  GSOLCGY 

(447)  MICROSCOPIC  SUBSURFAC3  WORE  IR  OIL  PIELDS  OP  THE  milTER  ST.ATES 

By  R.  D.  Reed 

Bulletin  of  the  jimerican  Association  of  Petroleum  Geologists,  Houston,  Tex., 

vol.  15,  Ro.  7,  1931,  pp.  731-754. 

On  the  basis  of  information  furnished  by  subsurface  workers  in  different 
districts,  an  attempt  is  made  in  this  paper  to  describe  the  present  status  of 
the  applications  of  the  microscope  to  the  solution  of  subsurface  problems  In 
the  oil  fields  of  the  United  States.  Corresponding  with  the  geology  of  the 
different  areas,  the  development  of  microscopic  work  has  assumed  widely  differ¬ 
ent  forms,  but  the  degree  of  success  attained  seems  to  be  uniformly  hi^. 
Contributions  to  regional  geology  made  by  the  new  methods  are  already  great, 
and  the  promise  for  the  future  is  bright. — Author's  abstract. 

9.  2I3W  LGCES 

(448)  Angenheister ,  G.  Geophysik.  II  Teil.  Pliysik  des  festen  Erdkorpers  und 
des  Meeres  (Geopixysics ,  Part  II,  Physics  of  the  solid  part  of  the  earth 
and  of  the  ocean).  Unter  der  Redaktion  von  G.  Angenheister  bearbeltet 
von  A«-  Defant,  P.  Hopfner,  K.  Jung,  G.  Kirsch,  P.  Kossmat,  G.  Krumbach, 

0.  Ueisser,  H.  Schmehl,  G.  Taromann,  E'.  Tams.  Wien-Karms,  Handbuch  der 
Experimentalplvsik,  Band  25,  II  Teil,  Leipzig,  Alcademische  Verlagsgesell- 
schaft  m.b.H. ,  1931,  xiii  +  823  pp. ,  313  figs.,  3  tables,  price,  74 
marks,  bound  76  rnarlss.  The  present  volume  is  the  second  of  three  parts 
Tiilch  constitute  volume  25  (Geophysics)  of  Wicn-Harms  monumental  Handbixcb 
der  Experiment alphysik.  A  brief  review  of  the  book  is  given  by  H.  D. 
Harradon  in  Terrestrial  Magnetism  and  Atmospheric  Electricity,  Baltimore, 
ttd.  ,  vol.  36,  No.  2,  1931,  p.  147. 
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10.  PATMS 


f 


(449)  IIETHOD  OF  EXPLORIITG  'THE  SUBSOIL 

Richard  imhronn,  of  Gottingen, '  Germany. 

United  States  patent  1,805,900  '  "Patented  Ma^  19,  1931. 

This  patent  discloses  a  method  of  exploration  of  the  subsoil  comprising 
feeding  it' With  alternating  current  under  control  of  the  form  of  oscillation 
ellipses  of  the  field  produced  thereby  and  measuring  the  field  of  the  ground 
currents.  For  this  purpose  at  least  tro  current  systems  of  lime  frequency 
and  V7ith  phase  displaced  with  respect  to  each  other  are  excited  in  the  ground. 
By  suitable  correlation  of  such  current  systems  within  the  field  of  investiga¬ 
tion  it  is  possible  to  malce  the  polarized  electfica.1  current  field  produced 
thereby  approximately  circular. 

Claims  allowed  -  5. 

(450)  IffiTHOD  OF  MD  APPARATUS  FOR  LOCATII'jG  DEPOSITS  OP  OIL,  GAS  AlID 
OTHER  DIELECTRIC  SUBTERPAHEAE  BODIES 

Louis  C.  Billote,  of  Revere,  and  Edward  Lipson,  of  Chelsea,  Mass.,  assignors 

to  Oil  Finding  Corporation,  a  corporation  of  Delaware. 

United  States  patent  1,808,397  ■  Patented  June  2,  1931. 

Tills  invention  relates  to  an  improved  method  and  apparatus  for  uses  in 
the  location  of  deposits  of  oil  and  ga,s;  it  may  also  be  used  in  locating  other 
subterranean  deposits  having  relatively  hi^i  dielectric  characteristics  com¬ 
pared  with  the  surrounding  medium. 

The  invention  is  based. on  the  fax t  that  \dien  a  current  of  relatively  hig 
frequency  is  permitted  to  enter  the  earth  through  spaced  electrodes,  the 
observed  effect  is  different  when  a  deposit  of  a  high  dielectric  nature,  such 
as  oil  or  gas,  lies  beneath  the  electrodes  than  when  such  deposit  is  not 
present. 

Claims  allowed  -  14.  ‘ 

(451)  1£ETH0D  AED  APPARATUS  FOR  LOCATIHG  UEZEOFE  COEDUCTIVE  BODIES 

‘John  J.  Jahosly,  of  Los  Angeles,  Calif.,  assignor  to  the  Radiore 
Co.,  of  Los  Angeles,  Calif.,  a  corporation  of  California. 

United  States  patent  1,811,547  Patented  June  23,  1931. 

This  invention  relates  to  the  location  of  orebodies,  pipe  lines  or  other 
bodies  of  relatively  good  electrical  conductivity,  within  the  earth's  crust  or 
any  mass  of  relatively  poor  conductivity,  and  particularly  to  the  location  of 
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such,  bodies  by  methods  kuoTOi  as  "inductive  methods."  The  method  comprises 
energizing  the  conductive  body  by  means  of  an  electromagnetic  field  trans¬ 
mitted  from  an  energizing  loop,  and  then,  by  means  of  a  direction-finding 
coil,  detecting  the  presence  and  measuring  the  effect  of  the  secondary  elec¬ 
tromagnetic  field  resu3.ting  from  the  induced  current  in  the  conductive  body 
at  a  plurality  of  points  adjacent  to  the  energizing  loop,  the  direction¬ 
finding  coil  being  rotated,  for  the  purpose  of  mahing  such  measurements,  about 
an  axis  substantially  parallel  to  the  direction  from  the  coil  to  the 
energizing  loop. 

Claims  allovred  -  8. 

(452)  METHOD  OE  DETEHMIimiG  THE  STHAIGHTHESS  OF  DHILL  HOLES  IH  THE  EARTH 

Esme  Eugene  •Rosaire,  of  Fort  Worth,  Texas,  assignor  to  Geophysical  Research 
Corporation,  of  Hew  York,  N.  Y. ,  a  corporation  of  Hew  Jersey. 

United  States  patent  1,811,648.  Patented  June  23,  1931. 

The  method  of  determining  the  deviation’ from  the  vertical  of  a  bore 
formed  in  the  earth  comprises  producing  sound  waves  at  different  points  on 
the  earth's  surface  and  recording  the  time  intervals  required  by  the  sound 
waves  to  travel  from  each  of  the  points  to  a,  selected  place  in  the  bore  below 
the  surface  of  the  earth  and  calculating  the  position  of  the  points  from  re¬ 
corded  time  intervals,  the  knom  distance  of  surface  points  from  the  mouth  of 
the  bore,  and  the  Imown  distance  of  the  selected  points  from  the  mouth  of  the 
bore. 


Claim-S  allowed  -  7. 

(453)  METHOD  OF  AHD  APPARATUS  FOR  LOCATIHG  TERRESTRIAL  COHDUCTIHG  BODIES 

Theodor  Zuschlag,  of  Hew  York,  H.  Y. ,  assignor  to  Swedish  American  prospecting 
Corporation,  of  Hew  York,  H.  Y.  ,  a  corporation  of  Hew  York. 

United  States  patent  1,812,392.  Patented  June  30,  1931. 

•This  invention  relates  to  aia  electromagnetic  device  for  determining  the 
effects  produced  by  conducting  bodies,  such  as  ore  deposits,  metals,  water 
courses,  salt-water  beds,  moist  ground  and  the  like,  when  an  electromagnetic 
field  is  generated  in  their  vicinity,  and  a  method  of  locating  and  determining 
the  proximity  of  the  conducting  bodies  by  the  use  of  such  a  device.  The 
apparatus  comprises  an  exciter  coil  adapted  to  generate  a  primary  electro¬ 
magnetic  field  to  induce  a  secondary  field  in  any  conducting  body  located  in 
the  vicinity,  a  plurality  of  receiving  coils  adapted  to  be  inductively  in¬ 
fluenced  by-  the  secondary  field,  the  receiving  coils  being  disposed  on  oppo¬ 
site  sides  and  fn  the  center  of  the  exciter  coil,  and  providing  compensating 
means  for  eliminating  any  inductive  influence  of  the  primary  field  on  the 
receiving  coils. 

Claims  allowed  -  20. 
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(605)  DIE  SCir;;EBD  UlID  GEOLOGIE  ID  KkllKiiSIED 
(GRaVI'n  AInID  geology  id  the  GAUGiiSUS) 


By  P.  Sawicky 

II  .  . 

Zeitschrift  f-oj  Geopbysik;,' Braxonschweis,  vol.  7.,  Do.  7/8,  I93I,  pp.  3I8-323. 

The  existence  of  a  relationship  Leween  geology  and  the  course  of  gravity 
at  various  places  must  be  considered  an  established  fact  at  the  present  time. 
Tiiis  relationship  appears  especially  distinct  if  the  gravity  measurements  are 
corrected  for  isostasy.  Va.rious  gravimetric  characteristics  can  be  established 
for  various  regions  in  the  Caucasus  by  using  the  available  data,  for  these  re¬ 
gions.  The  folio'wing  regions  are  discussed: 

1.  The  northern  Caucasus:  Tertiary  and  post-Tertiafy  deposits  prevail. 
Small  positive  anomalies. 

2.  Region  of  the  Caucasian  high  mountain  chain:  Intrusive  and  crystalline 
rocks.  Large  positive  anomalies. 

3.  Caucasia  Minor:  Intrusive  rocks.  Large  positive  anomalies  in  Armenia 
and  in  the  southern  part  of  Adjaristan. 

4.  The  ba,sin  of  the  River  Rion:  Deposits  of  Paleogene  period.  Positive 
anomalies. 

5.  Basin  of  the  Kura  River  except  its  lower  course:  Mainly  post- 
Tertiary  deposits.  Small  positive  anomalies, 

6.  Black  Sea  shore:  Positive  anomalies. 

7.  Caspian  Sea  shore  and  the  Shirvan:  Tertiary  and  post-Tertiary 

deposits.  Large  negative  anomalies.  .  . 

Concerning  the  direct  comparison  of  gravimetrical  values  with  the  age  and 
densities  of  various  forma.tions,  it  is  established  that  the  values  of  anonoalies 
become  smaller  in  places  where  the  old  and  dense  rocks  are  changing  into  those 
of  a  younger  age  and  into  rocks  less  dense. 

A  further  study  of  the  Caucasian  structure  by  means  of  pendulum  methods 
is  necessary/.  Best  results  may  probably  be  obtained  by  carrying  out  a  gravi¬ 
tational  survey  by  means  of  profiles.  An  example  of  such  a  profile  carried 
out  from  Tiflis  to  Vladikavkas  is  shown  in  a  figure. — Author's  abstract 
translated  by  Y/.  Ayvazoglou. 
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(606)  SUE  QU2LQ-IJES  LiESUHSS  DE  Li-i  GRiiVITE  DaNS  La  REGION  PAiaSIEHNE 
(CONCEHiriNG  SOME  GRAVITY  LK4SlTREMEiTTS  IN  TEE  REGION  OE  PARIS) 

t  I 

5y  L.  EDle  and  E.  Salles 

Comptes  Rendus  de  I'Academie  des  Sciences,  Paris, 
vol.  193,  No.  17,  1931,  pp.  719-720. 

Results  of  relative  measurements  only  are  given  in  this  article.  The 
observatory  of  Paris  has  been  chosen  as  the  station  of  departure.  The  measure¬ 
ments  were  carried  out  in  the  summer  of  I93I  by  means  of  Sterneck's  apparatus. 
Observations  were  ma.de  at  the  following  places; 

Observatory  of  Paris  -  30  observations 

Parc  Saint-Maur  -  I3  observations 

Beauvais  -  12  observations 

Versailles  -  11  observations 

The  results  of  observations  eoid  the  values  of  g  obtained  are  shown  in 
a  table. — W.  Ayvazoglou, 

(607)  PROSPECTING  FOR  HEN.  OIL-BEARING  DEPOSITS  iviUST  BE  KO^EDITED  (IN  RUSSlAiv’) 

By  B.  Numerov 

Vestnik  of  the  Geological  and  Prospecting  Service  of  U.S.S.R., 

Leningrad,  vol.  5,  No.  5-6,1930,  pp.  7-9 

The  necessity  of  a  general  magnetic  and  gravimetrical  survey  in  order  to 
establish.,  the  e:cistence  of  deep  tectonic  disturbances  by  which  the  proDability 
of  anticline  structures  in  the  upper  oil-bearing  formations  may  be  expected  is 
emphasized. 

Good  results  in  using  the  gravimetrical  method  of  prospecting  in  the  oil¬ 
bearing  regions  of  Emba  and  Grozny  for  disclosing  salt  domes  are  mentioned. 

The  importance  of  the  aerial  survey  in  plotting  the  data  of  geological 
observations  on  the  map,  and  the  low  cost  and  quickness  of  such  a  survey 
(about  jpl  per  square  kilometer  and  about  1,000  square  kilometers  per  day)  are, 
according  to  Numerov,  factors  which  absolutely  must  be  taken  into  considera¬ 
tion  in  prospecting  for  new  oil  fields. 

In  addition  to  prospecting  for  oil-bearing  regions,  the  gravitational 
survey  had  proved  to  be  of  great  value  also  in  Krivoy  Rog  and  the  Don  Basin. — 
W.  Ayvazoglou. 
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(608)  UBER  DIE  GEliAUIGKBIT  DER  MESSUNG  MIT  EER  DREH\7AAGE 
(ON  TEE  ACCURACY  OF  TORSION  BkLADTCE  MEASUREiv.lEliTS) 

By  Richard  Scli\imann 

It 

Zeitschrift  fur  Instrumentenkunde ,  Berlin,  vol.  51,  No.  8,  1931 »  pp.  426-430. 

In  this  article  the  author  gives  mathematical  consideration  to  the  re¬ 
mainders  “  that  is,  the  difference  between  the  values  observed  and  those  ob¬ 
tained  by  calculation  -  in  the  representation  of  the  observations,  if  measure¬ 
ments  were  telcen  by  observing  at  more  than  5  azimuths. — V/.  Ayvazoglou. 

(60S)  GEI'IEEAI  CEiEkCTERISTICS  OF  TEE  GRAVITY  WiETHOD  OF  PROSPECTING  ACCORDING 
TO  THE  FIELD  NORE  PERFORliED  BY  TEE  FOEViER  GEOLOGICAL  COMMITTEE  IN  1925  -  1928 


By  B.  Numerov 

Transactions  of  the  Geological  and  Prospecting  Service  of  the  U.S.S.R., 

Leningrad,  No.  36,  1931  >  PP* 

Numerov  sums  up  the  work  done  by  the  Geological  Couimittee  since  1924  when 
he  was  sent  to  Germany  to  get  acquainted  with  the  results  and  organization  of 
the  work  being  done  there  with  the  gravitational  variometer. 

The  first  part  of  the  book  deals  with  the  methodical  work  and  the  second 
with  the  results  of  observations. 

The  articles  appearing  in  this  vohrme  have  already  been  printed  in  various 
publications. 

Following  is  a  list  of  the  articles,  with  reference  to  the  Geophysical 
abstracts  in  which  they  v;ere  noted: 

I .  Methodical  works: 

1.  Theoretical  cases  for  the  use  of  gravitational  methods  in 
geology,  by  N-umerov  (Geophys,  abs.  1). 

r 

2.  Fundamental  fonnalas  for  the  analysis  of  torsion  balance 
obser-zations ,  by  Numerov  (Geophys.  Abs.  3!)* 

3.  Normal  effect  of  the  earth's  ellipsoid  upon  the  derivatives  of 
the  gravity  potential,  by  Numerov  (Geophys.  Abs.  31)* 

4.  Corrections  of  observations  made  by  means  of  a  torsion  balance 
with  respect  to  topography,  by  Numerov  (Geophys.  abs.  5). 
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5.  Analytical  rnetnod  of  calculatin/i  the  influence  of  topographic 
niasses,  hy  ITumerov  (Geopl:iys.  aos.  31)* 

6.  Graphical  method  of  calculating  the  influence  of  topographic 
masses  upon  the  o'bservftions  made  by  a  torsion  balance,  by  Samsonov  (Geouhys. 
Abs.  31). 


7.  Influence  of  the  e::traneous  masses  upon  gravity  observations  in 
C3.se  of  their  infinite  extension,  by  lumaerov  (ijeop:.ys.  Abs.  ’}!). 

II.  Results  of  obseiaT.tions ; 

1.  lEesults  of  gravimetric  observations  on  the  Shuvalovo  Lahe  in  the 
winter  of  1927  and  1928,  by  humerov  (Geophys.  Abs.  10). 

2.  Gravity  observations  in  the  Solikamsk  and  Eereznialcy  district  in 
the  I'Torthern  Urals  in  1926  and  1927,  by  xJumerov  (Geophys.  abs.  10). 

3.  Results  of  the  general  gravity  survey  in  the  Emba  district,  by 
ilumerov  (Geophys.  Abs.  10). 

4.  Results  of  gravity  observations  in  Krivoy  Rog  in  1928,  by 
A1 ezandr ov  ( Geophy s .  Abs.  3I ) . 

5.  Results  of  gra.vitational  observations  in  the  region  of  Grozny  in 
1928,  by  humerov  (Geopluys.  Abs.  10). 

6.  Results  of  gravity  observations  of  1928  near  the  Baskunchak  Lake, 
by  I'Jumerov  (Geophys.  Abs.  10). 

Tne  book  may  be  obtained  from  the  Geological  and  Prospecting  Service  of 
the  U.S.S.R.,  Lening’rad  —  26  Vassily  Ostrov,  Sredn.y'’  Prospect  ho.  72-b,  Price, 
Roubl  e :  3  •  •  Ayva  z ogl  ou , 


2.  t/AGih.TIC  hUThODS 

(610)  DR.  FILCHi.ER’S  EFJ)L!AGlvIETISCHE  BEOBaCHTUIvIGEIm'  IE  ZEHTRALASIEN 
1926  BIS  1928.  lEAEbBEITET  VCE  0.  ^^E1;SKE 

(DR.  FILCHEER'S  EARTH-t-AGirnTIG  OBSERVATIONS  IN  CEiVlRAL  aSIa  FROh  1926 

TO  1928.  REVISED  BY  0.  ^.^EiTSKE) 

By  K.  Kaussmann 

Zeitschrift  fur  Geophysik,  Brandenburg,  vol.  7,  Ho.  7/8,  I93I,  pp. 

Haussirann  t^ives  a  brief  description  of  the  earth-inagnetic  observations 
carried  oixt  by  Dr.  Filchner  from  1926  to  1928  during  his  6,000  kilometer 
journey  through  China  and  Tibet.  The  whole  material  has  been  revised  by  0. 
Venske.  Ea.rth-magnetic  elements  D,  h,  and  I  were  measured  at  157  stations. 
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According  to  the  investigations  made  hy  Venske  concerning  the  errors  in 
measurements  the  following  results  were  established:  Errors  in  D  were  very 
small  and  not  over  1';  the  azimuth  error  was  about  5',  thus  the  mean  error  of 
the  D  value  was  6'.  The  mean  error  of  the  horizontal  intensity  reached  15  ^ 
The  mean  error  of  the  inclination  values  was  4>. 

Filchner  eicpects  to  continue  his  observations  in  Central  Asia  as  soon 
as  possible. — \V,  Ayvazoglou. 

(611)  Oh  THE  kYSOVSKI  lEOh-OEE  ESPOSIT  IN  TiiE  BURIAT-MONGOLIAN 
autonomous  socialist  soviet  republic  (in  RUSSIAN) 

By  P.  J.  Kasatkin  and  S.  S.  Smirnov 

Bulletin  of  the  Geological  and  Prospecting  Service  of  U.S.S.R,,  Leningrad, 

vol.  50,  No.  29,  1931,  pp.  457-489. 

The  Mysovski  iron-ore  deposit  is  situated  between  the  Levaia  (left) 
Mysovaia  River  and  Pravaia  (right)  Mysovaia  River,  about  14  kilometers  to  the 
south  of  Lake  Baikal  and  of  the  Mysovaia  station  of  the  Trans baikalian  railway 
line. 


Favorable  conclusions  regarding  this  deposit  drawn  from  investigations 
ma.de  since  1897  caused  the  Central  Geological  Committee  to  organize,  during 
the  summer  of  1928,  a  magnetometric  survey  of  this  region. 

Tlie  lines  of  prospecting  were  cnosen  at  intervals  of  20  meters  and  the 
observation  points  along  them  at  intervals  of  1  to  10  meters.  Tiberg-Tlialen ' s 
magnetometer  and  a  universal  deflectory  magnetometer  (model  of  the  former 
Geological  Committee)  were  used. 

According  to  various  geological  investigations  the  deposit  was  supposed  to 
be  a  "ma.gnetite  lode  of  the  type  of  a  bed  vein."  By  the  magnetic  survey  it  was 
established  that  the  orebody  consisted  of  a  series  of  separate  ore  lenses. 

Based  on  the  interpretation  of  the  data  obtained  by  the  survey,  it  was  also 
established  that  the  separa.te  deposits  have  an  insignificant  thickness  relative 
to  their  horizontal  e:. tension.  By  talcing  the  figures  into  accoiant  for  tne 
evaltiation  of  the  ore  reserves  a  conclusion  was  drawn  that  the  deposits  can  not 
be  considered  as  having  industrial  value. — 1/V.  i^yvazoglou. 

(612)  CONCEPkING  CALCULATIONS  OF  COSTS  OF  GEOPHYSICAL  PROSPECTING  (IN  RUSSIAN) 

By  A.  Strona 

Vestnik  of  the  Geological  and  Prospecting  Service  of  U.S.S.R.,  Leningrad, 

vol.  5,  No.  7-8,  1930,  pp.  18-19. 

In  this  article  Strona  emphasizes  the  necessity  of  keeping  records  of  the 
costs  involved  in  various  methods  of  geophysical  prospecting,  as  well  as  of  the 
efficiency  of  the  work  resulting  from  using  various  kinds  of  instruments. 
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A  comparison  betT^een  the  rork  with  the  deflector-magnetometer  constructed 
by  the  Geological  Committee  of  the  U.S.S.R.  and  the  Tiberg-Thalen  magnetometer 
is  given  as  o.n  e:.ri.ple.  According  to  the  records  from  a  ioagnetic  survey  carried 
out  in  1929  in  the  region  of  Krivoy  Hog,  976  points  were  determined  during  42 
days  (23  points  per  day)  by  the  Geological  Committee's  magnetometer,  and  17,527 
points  during  172  days  0-C2  points  per  day)  by  the  Tiberg-7nalen  magnetometer. 
Thus  the  costs  of  the  survey  may  be  greatly  reduced  by  working  with  the  latter 
magnetometer . 

Detailed  records  are  especially  import^rnt  in  working  on  large  scale. 

Analyzing  the  results  of  magnetic  surveys  carried  out  during  the  yea,rs 
1^27-1930  with  the  Tiberg-Thalen  magnetometer  in  the  region  of  Krivoy  Hog  the 
mean  cost  for  one  point  of  measurement  was  found  to  be  about  25  cents,  depend¬ 
ing  on  the  thickness  of  the  network. — Vv.  Ayvazoglou. 

3  ‘  SHI  Ski  C  IvihThODS 

(6I3)  SEISMISCHE  BEOBAChTUhGEi^'  EEI  STEIilEHUCHSPitElTGirjGEN 

(SEISkIC  OBSERYATIOh'S  IviADS  IK  COiirhCTION  WITH  EL^STIHG  IH  QUaHHIES) 

By  Berrihard  Brockamp 

Zeitsclnrift  fur  Geophysik,  Braunschweig,  vol.  7,  ho.  7/8,  I93I,  pp.  295-317. 

Seismic  records  on  blasting  in  q;ua.rries  obtained  by  the  Geopnj’’sical 
Institute  of  Gottingen  to  1929  v;ere  revised  and  completed  by  four  new  observa¬ 
tions  made  during  1929. 

Tiie  travel-times  were  reduced  to  a  comiuon  sea  level.  Tlie  influence  of  the 
geologic  difference  of  the  soil  below  the  stations  u.pon  the  travel-time  was 
taken  into  consideration,  notwithstanding  this  a  deviation  from  the  mean  time- 
curve  was  ooserved  for  single  stations;  this  allowed  the  author  to  draw  con¬ 
clusions  on  the  local  thickiaess  of  the  overburden  of  the  rocks.  Ti'.e  layer 
situated  below  the  overburden  was  determined  to  be  varicose  primitive  rocks  of 
a  thiclaiess  of ^^5  to  7  kilometers.  Tiie  lower  border  of  the  layer  sinks  to 
the  south  of  Gottingen  dorn  to  12  kilometers  and  rises  to  kilometers  in  the 
southwest  and  southeast  directions. 

Tne  velocity  of  P2  waves  was  5.9  kilometers  per  second,  and  of  P^  wa.ves 
6.7  kilometers  per  second.  P  corresponds  to  P,  and  P^  to  P^‘  of  nearb^  earth¬ 
quakes. — Autnor's  abstract  translated  by  W.  Ayvazot^loh. 
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(614)  PRINCIPLES  UilLEELYIRG  IKE  lETERPREMIUi'  OE  SEISMOGRMviS 

By  Frarlk  Leumann 

Coast  and  Geodetic  Survey,  Washington,  D.  C. ,  1931»  3^  PP»»  5  plates. 

Contents : 

1.  Some  important  operation  proolems  (intensity  of  light  spots; 
focussing;  time  control;  atlas  of  seismo^:,rams) . 

2.  ilature  of  earthquake  vihrations. 

3.  Elementary  wave  types,  P,  S,  L. 

4.  Dependent  wave  types. 

5.  Response  of  seismograph  to  earthquake  vibrations  (ma,gnif ication 
equation;  ha.rmonic  magnif  icc  tion  illustrated;  acceleration  equation;  effect 
of  damping)  . 

6.  Travel-time  charts  and  tables  (determination  of  distance  and 
time  of  origin  from  seismological  table;  graphical  determination  of  distance 
and  time  of  origin;  diificiiit  interpretations;  comparison  of  travel- time  tables; 
travel  time  at  short  distances). 

7.  Interpretation  of  seismogram  and  preparation  of  report  (artificial 
disturbances — tilting,  short  period  vibrations,  wind  tremors,  convection  cur¬ 
rents;  microseisms;  definition  of  "activity;”  precision  required  in  reading 
times  of  activities;  interpretation  of  activities  when  epicenter  data  are  un¬ 
known;  interpretation  of  activities  vvhen  epicenter  data  are  known). 

8.  Coraputation  of  ground  displacement  and  acceleration. 

9.  Determination  of  direction  of  ground  movement  and  azimuth  of 

epicenter. 

10.  Descriptive  illustrations  and  plates  (paths  of  seismic  waves; 
motion  of  earth  particle  in  two  types  of  surface  wave;  nomenclature;  travel¬ 
time  chart;  magnification  curves;  seismograms).  . 

The  notes  published  in  this  paniphlet  are  intended  to  serve  as  a  guide  to 
the  seismologist  whose  task  is  to  supervise  the  operation  of  a  seismo^raphic 
station. — T».  iiyvazoglou. 
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(615)  G0IuP1Sh.TI^/E  studies  OE  LHP.ThqUidffi  hOTIGlfS  AB0V3  C-HOUHD 

mD  in  a  'TUiri'SL  (PAHT  l) 

Ey  Noouji  Nasu 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol.  9,  No,  4,  1S31» 

pp.  454-472, 

Comparative  studies  of  earthquake  motions  carried  out  inside  of  the  Tanna 
turjiel  and  adove  it  ■^th  a  modern  seismOt:,raph  inanufactured  from  stainless  steel 
are  described.  According  to  the  results  of  investigations  the  earthquake 
motions  inside  of  the  tunnel,  rere  found  to  be  generally  smaller  than  tnose  on 
the  surface  of  the  ground.  Tne  amplitude  inside  of  the  ttmnel  was  taken  as  the 
■>anit  for  comparirig  tnat  above  the  ground. 

The  relation  between  the  ratio  of  earthquake  motions  above  the  ground  to 
tnat  in  the  tunnel  and  the  period  of  earthquake  are  shown  in  a  diagram. 

Further  studies  with  modern  seismographs  for  obtaining  more  data  are 
desirable. 

Tables,  diagrams,  and  seismograms  complete  the  article. — V».  Ayvasoglou, 

(616)  GAHAGTnRISTiqUES  DES  ,  SEI^kiqUES  D*  aPHES  LE3  EhRE&ISTREI^iSiirS 

ACCELEROLETRiqUES 

(characteristics  of  seismic  Rates  according  to  the  registration  of 

aCCSLEEaTIONS) 

By  Mishio  Ishimoto 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol.  9,  No.  4, 

1931,  pp.  473-484. 

Figures  showing  the  acceleration  registration  of  seismic  shocks  obtained 
in  the  basement  of  the  Earthquake  Research  Institute  in  Tokyo  and  a  table  re¬ 
vealing  the  time  of  ti^eir  occurrence  and  the  places  of  epicenters  are  given. 
Their  general  characteristics  are  discussed. 

The  following  two  chapters  deal  with  the  periods  of  the  shocks  and  -ith 
their  structure. — V/.  Ayvazoglou. 
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(617)  S2ISM0METHICAL  3EPCRT 
By  H.  Rasu  and  Cli.  Yasuda 

Bulletin  of  the  Earthqueilce  Research  Institute,  Tokyo,  vol.  9,  Ro.  4, 

1931,  pp.  509-513* 

The  report  includes  data  of  perceptible  earthquakes  originated  within  a 
distance  of  160  kilometers  from  Tokyo  and  felt  there,  for  the  period  April  1 
to  J^me  30,  1931. 

Ror  previous  report  see  G-eophysical  abstracts  Ro.  3^  December, 

1931. — ’»V.  Ayvazoglou. 

(618)  THE  IRSTRUI'iER'TaL  PlASE-DIFFLREi^CE  OF  SEISIviOGRaPE  RECORDS;  AR 
ILLJSTRaTIOR  of  tee  properties  of  DaIviPED  oscillatory  SYSTEIVIS 

By  F.  J.  Scrase 

Proceedings  of  the  Physical  Society,  Cambridge,  vol.  43.  Part  3,  Ro.  238, 

1931,  pp.  259-273. 

^  discussion  is  given  of  the  method  of  interpretation  of  the  maxima  shown 
on  the  records  of  earthquakes  during  the  surface-wave  phase.  The  usxial  pro¬ 
cedure  is  to  treat  the  waves  (which  actually  appear  as  beats)  a.s  being  truly 
simply  harmonic  and  to  apply  the  fomialas  which  are  derived  on  this  assumption. 
It  is  shown  that,  in  general,  this  procedure  does  not  necessarily  lead  to  the 
correct  interpretation.  In  the  case  of  direct  registration  the  true  earth 
maximum  may  have  occurred  one  half-period  later  than  the  time  obtained  by  the 
usual  correction.  Yn'ith  galvanometric  registration  the  ma:.imum  may  have 
occurred  either  one,  two,  or  three  naif-periods  earlier  than  the  time  indicated 
by  the  usual  formula  of  Galitzin.  Some  curves  are  included  to  illustrate  these 
points,  and  an  attempt  is  made  to  obtain  a  mathematical  explanation. 

It  is  shown  tha.t  there  is  no  easy  method  of  eliminating  an  ambiguity  of 
one  lialf-period.  For  direct  registration,  therefore,  the  phase-correction  at 
present  in  use  appears  to  be  as  good  as  the  one  alternative.  In  the  case  of 
galvanometric  registration,  although  there  are  altogether  four  forms  of  phase- 
correction,  the  ntunber  of  alternatives  for  any  particular  period  can  not  e:.ceed 
two.  The  final  recommendation  in  this  case  is  that  the  correction  suggested  by 
Somville  and  which  is  one  iialf-period  less  than  Galitzin' s,  be  adopted  for 
general  use. — Author's  abstract. 

(619)  GEOPEYSICAL  PROSPECTIRG  b'lTE  EXPLOSIVES  Al'O)  THE  SEISMOGRAPH 
Atlas  Powder  Co.,  Wilmington,  Del.,  1931.  40  pp. 

Tliis  pamphlet  has  been  prepared  by  the  Atlas  Powder  Co.  in  collaboration 
with  Dr,  J.  Brian  Eby  for  the  purpose  of  disseminating  information  on  the 
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history  and  the  hackgroiind  of  this  new  method  of  exploring  for  minerals, 
describing  elementary  aspects  of  the  theory  involved  in  the  "use  of  the 
seismograph,  and  providing  details  on  explosives  adaptable  for  this  work. 

Contents  of  the  book: 

1.  Foreword. 

2.  Geophysical  prospecting  (general  idea  is  given). 

3.  Historical  sketch  (development  of  instruments  and  theories; 
description  of  the  mechanical  seismograph  and  electrical  seismograph  in  most 
common  use;  aspects  of  the  refraction  method  and  reflection  method  of 
geophysical  prospecting) . 

4.  Application  of  seismic  methods. 

5.  Explosives  as  applied  to  geophysical  prospecting  (character  of 
explosives  used;  their  characteristics  and  properties). 

6.  Comparison  of  powders. 

7.  Methods  of  planting  the  charge. 

8.  Blasting  caps  and  electric  method  of  blasting. 

9.  Experimental  data  (seismic  velocities  in  various  formations; 
relation  of  depth  to  charge) . 

10.  Future  of  explosives  in  geophysical  prospecting. 

11.  Explosives  for  seismographic  work  abroad. 

12.  Conclusions. 

13.  Glossary  of  terms  used. 

Tables  and  figures  are  added. —  iV.  Ayvazoglou. 

(620)  IN^/ESTIGATION  cH  THE  DEFORMATION  OF  TEE  EARTH'S  CRUST  IN  THE 

TAL'IGO  DISTRICT  COlCIvTECTETI  V;iTH  THE  TAliGO  K4RTHQUAKE  OF  1927 

By  Chuji  Tsuboi 

Bulletin  of  the  Earthquake  Research  Institute,  Tokyo,  vol.  9,  No.  4, 

1931,  pp.  423-434. 

Tnis  is  a  continuation  of  an  article  published  by  the  author  in  the 
Bulletin  of  the  Ec.rthquake  Research  Institute,  Tokyo,  vol.  8,  No.  2,  I93O, 
pp.  153-222  (see  Geophys,  Abs.  18,  October,  I93O) . 
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Tlie  purpose  of  the  present  paper  is  to  discuss  the  results  of  the  fith 
survey  carried  out  Y/ith  the  support  of  the  Imperial  Academy  and  the  Land 
Survey  Depc-rtment.  The  levelling  route  covered  hy  tue  present  survey  is  sno\7n 
in  a  map.  Ti.e  results  uere  compared  with  those  obtained  from  the  fcorth  post- 
seismic  levellinj^,  and  the  c:danges  of  heights  of  bencht'masses  in  the  Tango 
district  are  given  in  a  table. — YL  Jtyvazoglou. 

4.  hLECTHIGaX  METHODS 

(621)  TOPOhRhPhlGAL  STUDY  OF  a  KIDDED  BEDROGK  SIJRFAGS  BY 

ItESISTIVITY  IvlEASUREIvIEDTS 

By  E.  G.  Leonardon 

The  Engineering  Journal,  Montreal,  vol.  14,  No.  6,  I93I,  pp.  33^~33^> 

Before  describing  the  field  survey  Leonardon  discxisses  briefly  the 
elementary  principles  underlying  the  measurements  of  the  specific  resistance  of 
large  volumes  of  the  ground.  The  author's  simimary  reads  as  follovrs: 

This  article  describes  the  results  of  an  electrical  explora,tion 
ca.rried  out  in  1929  for  the  Department  of  Ha.iluays  and  Ganals,  in 
connection  vrith  the  stu.dy  ci  a  c.am  site  at  Morrisburg,  Ont,,  to  obtain 
further  data,  on  the  underground  contours  of  tue  bedrock. 

The  method  adopted  "’as  developed  by  Professor  Schlumberger ,  and 
depends  on  the  measureh.ent  of  an  electrical  field  set  up  in  the  ground 
by  current  passed  between  two  electrodes  at  the  enus  of  a  known  base 
line.  Several  scries  of  measurements  are  taken  with  different  lengths 
and  directions  of  base  line,  thu.s  determining:  many  eq\iipotential  curves 
from  which  the  average  resistivity  of  the  subsoil  can  be  deduced.  Most 
rocks  have  resistivities  of  1,00G  to  2,000  oims  per  meter-meter  square, 
while  clayey  formations  give  corresponding  figures  of  10  to  400  oimis. 

The  necessary  apparatus  is  described,  and  results  given  for  a 
large  series  of  measurements  carried  out  on  both  sides  of  the  St. 

Lawrence  River  at  Morrisburg.  Good  agreement  was  oDtained  between  the 
depths  calculated  by  the  electrical  method  and  those  measured  by  actual 
drilling. 


In  the  conclusion  to  tnis  article  the  author  shows  that  t..e  electrical 
method  of  prospecting  is  rapid,  econoraical ,  and  especially  applicable  at  tne 
beginning  of  a  preliminary  survey,  at  wnich  time  heavy  expenditure  can  be 
avoiued  by  careful  planning  to  limit,  as  far  as  possible,  exploration  by  drill 
holes,  test  pits,  and  other  expensive  means. 


Tne  work  described  in  this  article  was 
ing  this  time  101  depth  determinations  were 


Derformed  in  3O  working  days.  Dur 
aade  at  a  cost  of  less  than  $4,500. 


lit* 


Five  illustrations  are  added.— VY.  Ayvazoglou, 
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(622)  EIHE  ELEKTRODYlv^klSCHi:  ivIETHODE  ZUR  EREORSCLITEG  DES  EREIFi'IERE 


{Axl  ELSCTRODrivAMIC  l^LTEOD  FOR  TriE  lETESTIGATIOE  OF  THE 

INTERIOR  OF  THE  EARTH) 

It 

By  H.  Lowy 

Physikalische  Zeitschrift,  Leipzig,  vol,  32,  Ho.  8,  I93I,  pp.  337-345. 

The  a.rticle  deals  v’ith  the  question  of  the  pliysical  constitution  of  oil. 
Erqjeriments  carried  out  hy  the  author  in  southern  California  in  1928  are 
described. 

iifter  a  brief  discussion  on  the  question  of  whether  the  soil  can  be  in- 
•vestigated  by  electrical  means  in  arid  regions,  the  auta*or  gives  tne  results 
of  his  e:3ininations  in  various  places  in  California,  based  on  which  he  draws 
the  conclusion  that  the  oil-theory  established  by  him  must  be  considered  to 
be  correct. — W.  Ayvazoglou. 

(623)  SOME  E::PERIME1.T3  relating  TO  geophysical  PRuSPECTIlIG 

By  D.  C.  Gall 

•Journal  of  Scientific  Instruments,  London,  vol.  8,  Ho.  10,  I93I,  pp.  30^“313* 

The  article  concerns  the  Equi quadrature  method  recently  developed  by  the 
author.  In  an  introduction  to  this  article,  written  by  a.  Broughton  Edge,  the 
latter,  referring  to  some  difficulties  arising  in  connection  with  the  equi- 
potential  line  method,  mentions  that  in  order  to  solve  these  difficulties  he 
proposed  to  Gall  to  v;ork  out  an  entirely  new  problem  -  tliat  of  locating  equi- 
potential  lines  for  the  out-of-phase  field.  A  method  for  plotting  these  lines 
directly  upon  the  ground  was  then  devised  by  Gall  and  it  was  agreed  to  call 
these  lines  the  "Equi quadrature  or  EQ,  lines." 

In  this  equiquadrature  method  two  systems  of  equipotential  lines  are 
plotted.  Tlie  two  systems  are  in  time-quadratures,  and  are  called  EP  and  EQ, 
lines.  The  EP  lines  are  almost  identical  with  the  equipotential  lines  of  the 
older  method,  but  in  plot^.ing  them  the  spacing  is  chosen  in  known  increments 
of  potential.  The  EQ  lirw.s  are  90°  out  of  phase  with  the  EP  lines,  and  these 
also  are  plotted  at  Imown  increments  of  potential.  These  two  line  systems 
represent  the  entire  surf-ace  potential  phenomena  of  elliptical  polarization  in 
its  simplest  form.  Tlie  configuration  of  the  line  systems  supplement  each  other 
in  the  indication  of  anomalies. 

Experiments  made  on  a  model  in  order  to  become  familiar  with  typical 
configurations  are  described.  • 

The  scheme  is  shown  in  a  figure. — M.  ayvazoglou. 
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(524)  ELLCTivIC^  SUHVEY  OJ  LIuiESTOEES  OE  TIEi  BIBI-EIEaT  BaY 

By  V.  kelikian 

.azerbaijanskoye  Beftianoe  Klioziaistvo,  Baku.,  vol.  11,  ITo.  9-10,  1931, 

pp.  104-108. 

Melikian's  article  deals  ritn  the  applicp.tion  of  an  electrical  submarine 
survey  for  establishing  geological  structures.  Tliis  Fork  has  been  carried  out 
in  the  U.S.S.E.  for  tl^e  first  time  and,  according,  to  the  author,  may  be  of 
great  importance  in  prospecting  for  oil  beloF  the  Caspian  Sea. 

Practical  operation  of  the  method  is  described  and  illustrated  by  figures. 
Difficulties  consisted  mainly  of  damages  to  cables  caused  by  sha,rp  stones. 
Scrong  Finds  and  rough  sea  often  reduced  the  efficiency  of  the  Fork,  as  it  fcs 
difficult  to  place  the  cables  in  the  direction  required. 

7he  results  of  the  electric  measurements  are  given  in  a  map  snoFing  the 
profiles  and  lines  of  equal  resistance. 

G-eolOi£,ical  results  of  the  survey  are  described,  and  the  possibility  of  the 
submarine  survey  of  the  littoral  of  the  peninsula  of  Apsheron  is  discussed. — 
vV.  myvazo,-.lou. 


(625)  ELLCYBICifL  PHOSPBCTIi:&  FOB  GOLD  vsihS 
By  hans  Lundberg 

Ti.e  i  orthern  Liner,  Toronto,  vol.  17,  LTo.  46,  JsniUc  ry,  1932,  p.  4. 

A  case  of  the  application  of  a  method  by  using  the  apparatus  j.aio;Tn  as  the 
"Hacom"  for  the  survey  of  the  property  of  the  Letals  Development,  Ltd.,  near 
i.oman  Lake  in  Festern  Ontario  is  described.  The  Fork  was  carried  out  by 
running  Bacom  profiles  across  the  supposed  strike  of  the  veins  and  at  a  depth 
sufficient  to  cut  beloF  the  overburden,  Fhich  as  a,  rule  did  not  ea.ceed  3O  feet. 

Other  e:;a.mples  of  prospecting  for  quartz  veins  in  Sumatra  and  of  tracing 
quartz  veins  in  the  Philip-^ine  Islands  in  an  area  Fhere  gold  mining  had  been 
carried  on  during  ancient  times  are  mentioned, 

Tlae  author  concludes  tha.t  this  method  has  recently  been  further  developed 
into  Fhat  is  ioiown  as  the  Differential  Bate  or  Change  Liethod;  this  consists 
largely'  of  a  r.evr  Fay  of  interpreting  the  field  results,  unereby  the  influence 
of  the  overburden  is  eliminated. — b.  Ayvazoglou. 
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(626)  BELiSmiGEN  ZU!/I  GEOELEKTRISCHEII  I'^aCEV^IS  Ul®  ZUR  MIGRATION  DES  OL3 

(REivuiRICS  OR  TEE  GEOELECTRIC  IEDICaTIOE  aI'II)  ON  TEE  MIGRATION  OF  OIL) 

By  J.  Koenigsberger 

Fetroleum  Zeitschrift,  Berlin,  vol .  27,  No.  32»  1^31 f  P*  579. 

In  a  brief  discussion  of  the  inigr.,tion  of  oil  the  author  remarks  that  this 
migration,  wuich  is  not  concl\ided  yet,  may  also  be  indicated  by 'geoelectric 
observations.  Bad  conductors  in  layers  of  norLial  conductivity  may  be  ’~ell  ob¬ 
served  geoelectrically .  Ti.is  vas  proved  by  results  of  e:;periments  made  by  many 
scientists  and  it  was  recently  shown  (by  Lee  and  Swartz,  U,  S.  Bureau  of  Lines, 
Technical  Paper  488)  that  oil  deposits  lying  close  to  the  surface  could  be 
determined  according  to  Wenner's  four  points  method.  An  error  is  often  made  in 
that  geoelectric  effects  are  attributed  to,  productive  oil  deposits  at  a  depth 
of  from  800  to  1,000  meters.  Theoretical  calculations  show  that  the  deviation 
of  tile  current  can  not  be  caused  by  layers  ,at  depths  belo":’  500  meters. 

Therefore  these  deviations  are  certainly  caused  by  intermediate  stations 
of  .the  oil  migration  situated  above  the  productive  oil  deposits. 

Some  remarks  concerning  Eoenigsberger '  s  vieTTpoint  on  the  factors  influ¬ 
encing  the  conductivity  of  sedimentary  rocks  in  oil  deposits  a,re  made  by 
H.  Hedstrom.  Kedstrom's  reniarks  are  answered  by  Koenigsberger  (see  Petroleum 
Zeitschrift,  vol.  27,  No.  40,  IS3I,  pp.  73I-732) . — Vif.  Ayvazoglou. 

5.  Radioactive  liETLOPs 

‘  (627)  TEE  IONIZaTION  OF  TEE  ATMOSPHERE  Idh^S.URED  FROM  FLYING  aIRCRaFT 


By  D.  C.  Rose 

Canadian  Journal  of  Research,  Ottawa,  vol.  5,  No.  6,  I93I,  pp.  625-635. 

The  present  paper  deals  with  an  attempt  to  study  the  variation  in  the  ion 
content  of  the  air  at  different  altitudes.  Author's  abstract  reads  as  follows: 

The  Gerdian  type  of  atmospheric  ionization  measuring  apparatus  was 
attached  to  a  cabin  aeroplane  so  tuat  the  state  of  ionization  of  the 
atmosphere  could  be  studied.  The  limitations  of  the  apparatus  for  aero¬ 
plane  use  are  discussed.  Measurements  were  taken  from  ground  level  to 
heights  of  15,000  feet.  Tne  results  are  plotted  in  number  of  ions  per 
cubic  centimeter  (separate  curves  for  positive  and  negative)  at 
different  altitudes. 
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Tlj.e  results  indicate  tliat  at  the  cloud  level  tnere  is  a-n 
ahnormal  eucess  of  sma-ll  positive  ions  and  a  miniinum  in  the  eucess 
of  positive  ions  over  ne^jative  ions  from  4,000  to  6,000  feet  higner. 

Tnis  doesinot  include  lart'^e  ions  such  as  charged  water  drops  or  dust 
particles.  The  observations  were  taken  in  regions  free  from  clouds, 
the  cloud  level  heing  determined  by;  observations  on  clouds  in  the 
sky,  and  by  relative  humidity  measurements  taken  at  the  same  time. 

In  view  of  the  preliminary  nature  of  the  results  described,  the  conclu¬ 
sions  drawn  must  be,  according  to  the  author,  considered  only  e,s  tentative  and 
more  observations  Should  be  made  with  the  potential  gradient  apparatus  as  well 
as  ionization  measuring  equipment. — \V.  iiyvazoglou. 

(628)  DETISI..IlInTI0i,  01’  ThE  RnDI0i.CTIVITY  OF  NaTUBAL  kVATERS  Am  SOME 

RESULTS  FOR  FLOL'IEG  ARTESIM  WELLS 

By  James  A.  Hootman 

American  Journal  of  Science,  New  Haven,  vol.  22,  Ho.  I3I1  1S31»  PP»  4-b3-463* 

Based  on  the  fact  that  traces  of  radium  are  to  be  found  in  all  kinds  of 
ordinary  rocks,  the  author  draws  the  conclusion  that  nearly  all  natural  springs 
and  well  waters  will  contain  electroscopically  detectable  traces  of  dissolved 
radioactive  materials,  notably  the  rare  inert  gases,  radmom  emanakion  and 
thorium  emanation,  which  are  easily  soluble  in  water.  A  method  for  such  a 
’’prospecting"  for  radixam  is  discussed  in  this  article  by  the  author. 

Apparatus  is  described  and  results  of  a  series  of  field  tests  carried  out 
on  artesian  wells  in  Mississippi  are  given. — V/.  Ayvazoglou. 

(629)  aURORES  POLAIRES  ET  RAYOHS  COSMIQUES 
(AURORA  BOREALIS  aHD  COSiviIC  RADIATIOH) 

By  A.  Dauvillier 

Comptes  Rendus  de  I'Academie  des  Sciences,  Paris,  vol.  193,  » 

1931,  pp.  348-350. 

•phe  well-known  relationship  between  the  sun  spots,  aurora  borealis,  and 
magnetic  disturbances  is  of  a  temporary  character.  According  to  more  than  100 
observations  made  by  Hordenskiold  on  the  lightning  zone,  around  the  magnetic 
pole,  perraanent  disturbances  must  be  expected  also.  They  may  originate  from 
15.10®  volt-el ectrones  which  are  connected  with  the  penetrating  radiation. 
Dauvillier 's  vie’.Tpoint  on  this  question  is  discussed  in  the  article. — ViT. 
Ayvazoglou. 
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(630)  GEOFiiYSIGAL  PROSPECTING  IN  IS3I, 

•  By  Donald  E.  EcLaughlin 

Mining  and  Metallurgy,  New  York,  vol.  I3,  No.  3^1 »  PP«  16-20. 

■  '•  ^ 

A  "brief  review  of  the  progress  in" geopiiysical  work  during  I93I  is  given. 

The  author  says  that  although  the  employment  of  geophysical  methods  in  the 
search  for  oil  and  ore  has  been  greatly  curtailed  during  the  p&st  year,  more 
time  has  been  used  for  perfection  of  instrunients  and  field  method's'V  for  care¬ 
ful  analysis  of  data,  and  for  thorough  investi.^ation  of  the  many  problems  in¬ 
volved  in  interpreting  physical  anomalies  in  terms  of  contifealed  geologic  con¬ 
ditions;  thus  the  achievements  must  be  considered  significant.  •  ' 

Notable  work  carried  out  by  companies.  States,  and  private  organizations 
is  mentioned  and  the  results  are  discussed.  ■  '  '  ■ 

Barton's  statement  on  the  commercial  activities  and  the  results  accomplished 
in  the  Gulf  region  forms  one  paragraph  of  the  article;  '  ■ 

Among  the  numerous  publications  appearing  during  the  past  years,  the  re¬ 
port  of  the  Imperial  Geophysical  ib^perimental  Survey  published  under  the  title, 
"The  Principles  and  Practice  of  Geophysical  Prospecting,"  and  edited  by  a.  B. 
Broughton  Edge  and  T.  E.  Laby,  and  Memoir  165  of  the  Canadian  Geological  Survey 
entitled  "Studies  of  Geophysical  Methods  in  1928  and  1929,"  are  those  deserving 
the  highest  merit.  Activity  of  the  U.  S.  Bureau  of  Mines  in  publishing  a 
number  of  papers  on  current  work  on  geophysics  is  mentioned. -^Vh ’  .^yvazoglou. 

(631)  PRINCIPLES  Ailp  practice  OF  GEOPHYSICAL  PROSPECTING 

Editorial  note 

Queensland  Government  Mining- Journal ,  Brisbane,  yol.  32,  No. 

1931,  p.  3^^* 

This  is  the  title  of  the  Report  of  the  Imperial  Geophysical  Experimental 
Survey- ca.rried  out  in  Australia  and  edited  by  A.  Broughton  Edge  and  T.  H.  Lab,;  . 

A  summary  of  the  report  is  given  in  this  article  (see  Geophys.  Abs.  JfO,  p.  257,.. 
— »7.  Ajnrazoglou. 
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(632)  OESiRV^TIul;S  IvLaGKETiqUSS  ET  ELECTHICiUES  EE  SAHAEfi 
(l^iAGiJETIC  Ai'jE  electrical  OBSERVaTIuES  IE  THE  SAHARA) 


By  0.  LeCamus  and  E.  de  Saint-Just 

Comptes  Rendus  de  I'Academie  des  Sciences,  Paris,  vol.  I93,  Eo.  15, 

1931,  pp.  600-601. 

Tile  authors  descrihe  some  magnetic  and  electrical  observations  made  during 
their  journey  in  the  Saliara  in  December,  I93O,  and  January,  I93I. 

The  three  elements  of  the  earth-magnetic  field  were  measured  at  the  follow¬ 
ing  three  ste.tions:  Gao,  Tanesrouft  and  Camp  Louis  Marin(Hoggar) .  The  two  last 
sca.tions  are  situated  in  a  region  where  no  similar  measurements  had  been  made 
previously.  Chasselon's  theodolite-compass  Eo.  5  (small  model)  and  Chasselon's 
dipping  needle  No.  68  (small  model)  were  used.  The  results  of  the  measurements 
are  given  in  a  table.  The  existence  of  a  magnetic  disturbance  between  the  20th 
and  25th  parallels,  around  the  3*i  meridian  east  of  Greenwich,  has  been  proved 
by  these  observations. 

Measurements  of  the  atmospheric  electric  field  were  made  at  the  same 
stations  according  to  Moulin' s  method. 

The  following  figures  are  given; 

Tanesrouft,  1st  series,  26  to  3I  volts  per  meter  (December  6,  I93O); 

Gao,  1st  series,  18  to  ^>2  volts  per  meter  (December  I3,  1930); 

Camp  Louis-Marin,  1st  series,  16  to  46  volts  per  meter  (January  4,  1931); 

2nd  series,  19  to  3I  volts  per  meter  (January  5,  I93I); 

3rd  series,  24  to  41  volts  per  meter  (January  6,  I93I). 

— W.  Ayvazoglou. 

(633)  ijERIAL  SURVEY  Ai^D  GEOGRAPHIC  OBSERVaTIOES  aS  BaSES  FOR  THE 
FUTURE  GEOLOGICAL  aED  PROSPECTIEG  wORK  (IE  RUSSIAE) 

By  B.  Eumerov 

(<• 

Vestnik  of  the  Geological  and  Prospecting  Service  of  the  U.S.S.R. , 

Leningrad,  vol.  5,  Eo.  7-8,  I93O,  pp.  ]>0-])2. 

The  imuortance  of  the  aerial  survey  is  emphasized  and  the  procedure  for 
such  a  survey  is  described. 

The  aerial  survey  should  be  used,  according  to  the  author,  in  the  first 
place  for  preliminary  surveys  carried  out  by  magnetic  and  gravitational 
methods. — U.  Ayvazoglou. 
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(634)  LIE  EA.UPT?ERSMIlviLirEG  DER  DEUTSCHE^  GEOLOGI  SCIIEl'I  GESELLSGHiiET 
(GSILERAL  MSETIEG  OF  TEE  GEEl/iAE  GEOLOGICAL  SOCIlTy) 

By  Breddin 

It 

Gluckauf,  Essen,  vol.  67,  Ho.  48,  lO}!,  pp.  1493-1498. 

According  to  Breddin’ s  report  on  the  general  meeting  of  the  German 
Geological  Society,  vrhich  took  place  from  the  14th  to  the  17th  of  September, 
1931,  the  folloT7ing  items  on  geophysical  methods  of  erploration  were  discussed: 

1.  Relative  gravity  measurements  in  oil-bearing  regions.  This  paper  was 

presented  by  Gornich,  in  which  he  emphasized  the  importance  of  torsion  balance 
and  pendulum  measurements  for  the  determination  of  gravity  differences  in  the 
earth's  crust-  in  general,  and  in  particular  the  value  of  the  measurements  for 
the  discovery  of  salt  domes.  •  ■  .  . 

2.  Results  of  the  regional-magnetic  investigations  in  the  Eifel.  Tiie  re¬ 
port  was  made  by  Reich.  The  results  of  numerous  meas^irements  carried  out  by 
Reich  in  the  region  of  the  Rhine  Slate  mountains  with  Schmidt's  field  balance 
were  discussed.  An  explanation  for  a  magnetic  ma:;imum  between  Bonn  and  Lenz 
and  a  minimum  along  the  Mosel  in  the  region  of  Coblenz  is  -given.  Geological 
importance  of  the  clianges  in  tne  intensity  of  the  magnetic  field  during  the 
last  30  years,  as  established  recently,  was  mentioned. 

3.  The  results  of  local  magnetic  investigations  in  the  volcano  region  of 
the  Laa.ch  Lake  were  discussed  by  Al-rens.  By  the  measurements  carried  out  by 
him  in  the  region  of  Iliedermendig  the  existence  of  basalts  a.nd  basaltic  lavas 
and  tneir  extent  beyond  the  places  of  previous  discoveries  has  been  proved. 

Yery  strong  magnetic  disturbances  (up  to  6,000  Y  )  were  established  above  the 
basaltic  slags  of- -the  old  volcanoes  in  the  region  of  the.Laach  Lake. — 

■|i7.  Ayvazoglou. 

(635)  GEOPHYSICAL  INSTRUlvfflHTS 
Editorial  note 

Mining  and  Metallurgy,  New  York,  vol.  I3,  Ho.  3^1 »  P*  ^2, 

The  note  mentions  the  development  made  by  the  American  Aslmnia  Corporation, 
Houston,  of  Askania  m.agnetometers  in  order  to  eliminate  the  temperatiure  effects 
and  consequent  delays  in  field  work  because  of  need  to  determine  temperature 
coefficient  of  instrirment  at  each  step.  According  to  this  note  the  same 
company  has  also  broijght  out  a  3-p0iidulum  apparatus  for  commercial  as  well  as 
scientific  purposes  in  geophysical  work  of  special  interest  to  oil  companies. — 
w'.  Ayvazoglou. 
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(636)  EEFLSaoIv  SEi'iXiliCET  ZU  FLA.CHEN  OPTISCH  EIITACESIGER 
UlE)  ROLffilSCEIP,  STivRK  ABSOEEIERMEEE  KEISTi^LLE 

r 

(EEFLECTIOE  PEHp:^iDICULi^R  TO  SJHFaCES  OF  OPTICALLY  SIEGLE-AXIaL 
AED  REOIviLIC,  STROEGLY  aBSORBIEG  CRYSTALS) 

By  J.  Eoenigsberger 

Ee'aes  Jahrbuch  flir  Mineralogie,  Geologie  und  Palaontologie, 

Eo.  64  (a),  1931,  pp.  107-121. 

Tlie  author  derives  some  theoretical  conclusions  on  the  follo'^ing  three 
methods  for  obtaining  quantitative  values  concerning  tlie  microscopic  investiga¬ 
tion  of  tile  incidence  of  perpendicular  rays  of  light: 

1.  The  measurement  of  reflective  capacity  carried  out  by  E.  Frick  on 
numerous  isotropic  and  anisotropic  minerals. 

2.  The  measurement  of  phase  difference  of  two  oscillations  perpendicular 
one  to  another.  , 

3.  The  measurement  of  the  anisotropy  of  the  reflection,  either  directly 
or  by  means  of  separate  measurements  of  the  two  components. — E.  iiyvazoglou. 

8.  GEOLOGY 

(637)  SYkPOSILlvi  OE  Salt  DOMES 
Editorial  note 

-Journal  of  the  Institution  of  Petroleum  Technologists,  London, 
vol.  17,  Eos.  91  and  92,  1932,  pp.  251-371. 

This  article  contains  papers  presented  at  the  132nd  and  133^^  general 
meetin-^  s  of  the  Institution  of  Petroleum  Teclmologists  held  on  January  I3  and 
Febr'jary  10,  1931.  respectively. 

It  was  decided  that  these  meetings  be  devoted  to  the  presentation  of  short 
sijmmaries  of  the  various  papers  and  to  a  general  discussion  of  the  whole  sub¬ 
ject.  It  was  also  decided  tnat  discussion  of  a  geopTjysical  nature  should  be 
l.eld  on  a  future  occasion  as  a  separate  symposium. 

The  articles  presented  are  as  follows: 

1.  Salt  domes  of  Eorth  Germany,  by  James  Romanes.  Geological  history; 
the  form  of  the  domes  and  tbeir  tectonic  relation  to  the  surrounding  sediments; 
the  mechanics  of  salt  dome  formation;  and  the  influence  of  sa.lt  domes  on  the  ^ 

formation  and  concentration  of  petroleimn  xvere  discussed. 
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2.  Salt-dome  depositional  and  def ormational  proolems,  "by  G-.  M.  Lees. 

Items  concerning  the  conditions  of  deposition  of  saline  formations;  salt  domes 
of  Persia;  the  tectonics  of  the  Loiver  Pars  of  Persia;  Palestine-Jehel  Usdum; 
the  miocene  salt-gyps''am  series  of  the  Gulf  of  Suez;  the  Red  Sea  salt  domes; 
plasticity  of  salt;  and  the  mecnanism  of  the  uprise  of  salt  masses  were 
reported. 

3.  Salt  domes  of  Te:;as  and  Louisiana  Gulf  Coast,  hy  Frederick  G.  Clapp. 
The  author  gives  outstanding  features  regarding  the  Gulf  Coast  salt  domes,  s\rch 
as;  Enumeration  of  domes;  general  description;  stratigraphic  relationships; 
structural  relationships;  production;  manner  of  discovery;  origin;  and  the 
"cap  rock." 

4.  Salt  domes  in  Persia,  by  J.  V.  Harrison,  attention  has  been  directed 

almost  exclusively  to  the  activities  and  manifestations  of  the  older  salt 
formation  of  Persia.  .  . 

5.  Intrusive  salt  bodies  in  Coastal  ^sia,  southv'estern  Arabia,  by  Arthur 
Wade.  Studies  in  connection  v/ith  "salt  dome"  phenomena  carried  out  in  this 
region  are  presented  by  the  author. 

6.  Origin  of  the  salt  domes  of  the  Gulf  Coastal  Plain  of  the  United 
States,  by  .E.  EeGolyer,  a  brief  discussion  as  to  the  origin  and  age  of  the 
salt  and  the  associated  cap  rock  is  given. 

7.  Moot  points  in  salt  dome  theory,  by  Launcelot  Qtven.  Some  problems 
arising  from  the  study  of  salt  domes  are  investigated. 

8.  A  contribution  to  "salt  dome"  geochemistry,  by  Murray  Stuart.  Txiis  is 
a  contribution  of  the  author  to  the  knovledge  of  naturally  occurring  salt  and 
its  chemical  and  geological  idiosyncrasies  acquired  by  him  during  his  vrork  on 
salt  formation  in  India. 

9.  Salt  occurrences  in  Egypt,  by  Harold  Dabell.,  The  Egyptian  coast  of 
the  Gulf  of  Suez,  known  as  the  oil-field  region  lying  between  latitude  28.5  E.nd 
26.46  and  longitude  33*20  and  3'*.  is  considered. 

The  presentation  of  the  papers  mentioned  above  was  followed  by  a  dis¬ 
cussion. — W.  hyvazoglou. 
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(638)  HOEBS  FIELD,  LEA.  COUETY,  LEW  MEXICO 
By  Ronald  11.  deFord  and  Edwin  A.  Viiahlstrom 

Bulletin  of  the  American  Association  of  Petroleum  Geologists, 
vol.  16,  No.  1,  1932,  pp,  51-91. 

Tile  Hohhs  field  is  necir  the  southwestern  rim  of  the  Llano  Estacado. 

Structure  can  not  he  mapped  at  the  surface;  the  field  \7as  discovered  hy  geo- 
pl^'-sical  surveys.  Tiie  producing  structure  is  an  elongated  dome.  The  oil  and 
gas  reservoirs  are  members  of  that  Permian  system  which  occupies  the  Permian 
basin  of  west  Tenas  and  southeastern  New  Mexico.  The  main  reservoir  is  a  porous, 
light-colored  limestone  about  200  feet  thick.  The  pressure  in  this  reservoir  is 
more  than  1,500  pounds  per  square  inch  at  a  depth  of  4,150  to  4,200  feet.  Be¬ 
yond  the  limits  of  the  oil  pool  the  reservoir-rock  contains  v/ater  under  corres¬ 
ponding  pressure.  Porosity  (hence  initial  production)  is  related  to  structure, 
being  greatest  along  the  anticlinal  crest,  less  on  the  flanks,  least  in  wells 
off  structure. 

Approximately  one- third  of  the  folding  occurred  shortly  after  the  deposi¬ 
tion  of  the  main  limestone  reservoir  and  before  salt  deposition.  Almost  two- 
t.hrds  occurred  after  salt  deposition  and  was  probably  post-Triassic ,  certainly 
pre-Pliocene. — Author' s  abstract . 

9.  NEN  BOOKS 

(639)  Conrad,  V.,  and  ’.Veickmann,  L. ,  Ergebnisse  der  kosmischen  Physik  (Results 

of  cosmic  physics).  Gerlands  Beitrage  zur  Geophysik,  Erster  Supplementband. 
1931,  448  pp.  with  243  figs.  Akademische  Verlagsgesellsche.f t  m.b.H., 
Leipzig. 


Contents  of  the  book:  (1)  On  the  problems  of  the  aurora  borealis,  by 
Carl  Stormer;  pp.  1-86,  70  fi^s.  (2)  The  barometer  effect  of  the  pene¬ 
trating  radiation,  by  N.  Kolhorster  and  L.  Tuwim;  pp.  87-126,  2^  figs. 

(3)  Absorption-coefficient  of  penetrating  radiation,  by  h’ .  Kolhorster  and 
L.  Tuwim;  pp.  127-179,  20  figs.  (4)  The  atmospheric  ozone,  by  F.  w.  Paul 
Gotz;  pp.  I8O-235,  41  figs.  (5) .On  the  propagation  of  the  explosion  waves 
in  the  atmosphere  of  tiie  earth,  by  P.  Duckert;  pp.  236-290,  16  figs. 

(6)  New  methods  for  the  deterraina.tlon  of  the  figure  of  the  earth,  by  F. 
Hopfner;  pp.  291-372,  9  figs.  (7)  On  the  dynamics  of  the  forms  of  move¬ 
ment  on  the  surface  of  the  earth,  by  F.  M.  Exner;  pp.  373-445,  65  figs. 

(8)  Index  of  authors,  pp.  446-448. 

(640)  Gutenberg,  Prof.  Dr.  E.  P^andbuch  der  Geophysik  (handbook  of  Geophysics), 
"^erlag  von  Gebruder  Borntrager  in  Berlin,  W.  ^5.  This  book  will  be  issued 
in  10  volumes.  The  conten'cs  of  the  volumes  are  as  follows:  Vol.  1,  The 
earth  as  a  planet  (in  press).  Vol.  2,  Structure  of  the  earth:  No.  1, 
Coolirig  and  temperature  of  the  earth,  by  B.  Gutenberg;  Chemistry  of  the 
earch,  by  Berg;  Age  of  the  earth,  by  A  Born;  physical  structure  of  the 
earth  by  E.  Gutenberg;  564  pages,  I83  figs.  I93I.  Price  of  the  single 
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inam'ber,  M.  102,  No.  2  (in  press),  3>  Ciianges  of  the  earth's  crust: 

No.  1,  Forces  inside  of  the  earth's  crust,  by  B.  Gutenberg;  Plutonism  and 
volcanism,  by  P.  v.  Wolff;  Movements  of  the  earth's  crust,  by  A,  Born; 
Geotectonic  hypotheses,  by  B.  Gutenberg;  Mechanical  effects  of  ice  upon  the 
earth's  crust,  by  Kess-Nurnberg.  570  pp. ,  207  figs.,  I93O.  Price,  M.  72. 
Vol.  4,  Earthquakes:  No.  1,  Theory  of  earthquake  waves;  observations,  dis¬ 
turbances  of  the  ground,  by  B.  Gutenberg.  288  pp.,  146  figs,,  1929.  Price, 
M.  33*  No.  2,  Seismometer,  evaluation  of  the  diagrams,  by  Berlage;  Geology 
and  Geography  of  earthquakes,  by  Sieberg,  38*^  PP-,  255  figs.,  I93O,  Price, 

M.  45.  Vol.  5,  Magnetic  and  electric  phenomena  (in  preparation).  Vol.  6, 
Geophysical  methods  of  e::ploration:  No.  1,  Properties  of  rocks,  by  Reich; 
Electrical  methods  of  ejcploration,  by  E,  Hunkel;  Tlieory  of  gravimetrical 
methods  of  exploration,  by  E.  A.  Ansel;  Instruments  used  in  gravimetrical 
methods  of  exploration,  by  Meisser-Jena.  3^2  pp.,  134  figs.,  I93I.  Price, 
M.  63.  Vol.  7,  Physics  of  hydrosphere  (in  preparation).  Vol.  8,  Physics 
of  the  atmosphere,  I  (in  preparation).  Vol.  9,  Physics  of  the  atmosphere, 

II  (in  press).  Vol.  10,  General  (in  preparation). 

(641)  Mayer,  a.  W.  Chemisches  Pachworterbuch  (Chemical  dictionary).  German- 
English-Prench.  For  science,  technics,  industry,  and  commerce.  Second 
volume:  Snglish-German-French,  Leipzig,  Otto  Spamer,  I93I,  943  pp.  Price, 
stitched,  M,  70.00,  bound,  M.  75.00. 

(642)  Seismos-Gesellschaf t .  Erforschung  von  Gebirgsschichten  und  nutzbaren 
Lagerstatten  nach  dem  seismischen  Verfaliren  (Ebqjloration  of  mountain  masses 
and  ore  deposits  according  to  the  seismic  method).'  Vol.  1,  I93I,  14  pp., 

21  figs.,  Hannover,  Selbsverlag  der  Seismos,  G.  m.b.H. 

(643)  Tinsley,  H.,  and  Co.  Geophysical  prospecting  by  electrical  methods. 
Telegraph  and  Scientific  Instrument  manufacturers.  Werndee  Hall,  South 
Norwood,  London,  S.E.  List  No.  62,  August,  I93I.  Some  of  the  apparatus 
(ratiometer ,  D.C.  potentiometer)  used  for  geophysical  prospecting  by 
electrical  methods  is  described, 

10.  PaTEI^'TS 

(644)  VERFAHRSIJ  ZIIR  SEISMISCHEN  BODENFQES CHUNG 
(METHOD  OF  SEISMIC  EXPLORATION) 

Dr.  Richard  Ambronn  of  Gottingen 

German  Patent  521,573.  patent  issued  March  24,  I93I. 

This  patent  discloses  a  method  of  seismic  exploration  by  means  of  elastic 
waves  artificially  produced  by  explosive  charges.  The  charges,  which  are  ignitec 
simultaneously,  are  arranged  in  one  plane  in  squares  and  in  such  a  way  that  a 
preferable  direction  of  the  effect  is  obtained.  The  receiving  instruments  are 
placed  inside  of  the  cone  of  the  waves. 

Claims  allowed  -  5. 


10763 


-  376  - 


I. Q. 6569. 

I  . 

(645)  PROGEDE  DE  PROSPECTIOE  DE  LA  CROUTE  TERRESTRE  .  .. 


i 


Erench  patent  657,367. 


Pc-tent  issued  May  22,  1929, 


TLe  present  invention  concerns  the  prospecting  of  the  earth's  crust  and  is 


characterized  oy  measuring  at  least  tvro  electrical  values,  one  of  which  (the 
proper  length  of  the  wave  of  an  electrica.1  oscillator,  angle  of  reflection. 


position  of  an  extreme  value  of  interference)  depends,’ In  case  of  the  presence 


of  a  conductive  layer,  only  on  the  distance  from  this  layer,  and  the  ’other 
(damping  or  amplituae, of  the  vibrations  of  the  oscillator)  of  which  depend 
sides  on  the  nature  of  the  material. 

Claims  allowed  -  5. 


(646)  METHODE  ET  APFaREIL  'SERYAI'^T  n.  MODIEIpR  La  DISPOSITION  DES  : 
PADIaTICKS  D'Ul'T -CORPS  jlT  PLUS  PARTICULliBEt/IEl'IT  SON  APPLICA- 
TION  A  La  RECEERCHE  ET  1  La  PROSPECTION  DU  SOUS- SOL 


.  (lvm.ThOD  AND  APFiJiATUS  SnRYING  FOR  MODIFYING  TEE  DISPOSITION 
OF  FaDIaTIONS  OF  a  BONY,'  IN  PARTICULAR  ITS  APPLICATION  FOR 

inyestigating  aIpd  prospecting  of  tee  subsoil)  , 


(Inventiepn  n^ade  hy  E''a4pies-Emile- Joseph  Roche  and 
Leon-Mari e-Antoine  Eidreman)  ’  .  ' 


Societe  Anonyme  Rocivir  of- France  (Rl.pne)  . 


patent  issued  November  7,  1929. 


French  patent  668,808. 


Txiis  invention  concerns  the  method  and  apparatus  by  vhich  modifications 
in  the  positioii  of  the  ne^o.tive  electrons  a-nd  of  the  free  positive  ions  of  a 
body,  and  possibly  also  cxj.anges  in  their  velocities  and  their  paths,  may  be 
created.  Therefore  the  invention  makes  it  possible  to  modify  the  radiations 
emitted  by  this  body  by  exposing  it  to  an  electrostatic  field. 


Claims  allowed  -  2. 
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(647)  PROGEDE  ET  DISPOSITIE  DE  EECHERCHES  GSDrEZSIQlIES  PERMETMT 
DE  EECOLm?TRE  ET  D'EIIPLORER  LE  SOUS-SOL 

(liETROD  ART)  .o:F'  .GEOP.ETS.IC/'gj  PRQSPECTIIIG  BY  TffilCR  IT 

IS  POSSIBLE  TO  INVESTIGi^TE  ALD  EXPLORE  TEE  SUBSOIL) 

Mines  domaniaLes  de  Pota,s?^s  d 'Alsace  of  Erance  .  (Haut-Rhin) 

French  patent  .685^467 .  . .  .  Patent  issued  July  10,  ISJO. 

The  method  .of  geophysical  prospeqtii.ng  .disclosed  .in  .this  .patent  consists 
mainly  in  mea^uj^ing  .the  earth  resistance  .betweep  two  electrodes.  The  re¬ 
sistance  of  the  earth  is  calculated  from  the  maximum  readings  of  the  voltmeter. 


Claims  allowed  -  3» 
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